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(57) Abstract: A method for cleaning an interior surface of a processing equipment using a treatment liquid, the processing equip- 
ment including a pipe section defining pipe section first and second ends, the pipe section defining a pipe section volume delimited 
by the pipe section first and second ends, the pipe section being initially at an initial internal pressure. The method includes intro- 
ducing a predetermined volume of the treatment liquid, the predetermined volume being substantially smaller than the pipe section 
volume circulating the predetermined volume of the treatment liquid through the pipe section by simultaneously reducing an internal 
pressure within the pipe section at a location substantially adjacent the pipe section second end and increasing an internal pressure 
within the pipe section at a location substantially adjacent the pipe section first end. 
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TITLE OF THE INVENTION 

) 

Cleaning method and apparatus ' 
FIELD OF THE INVENTION 

[0001] The present invention relates to the general field of cleaning 

method and systems and is particularly concerned with a cleaning method and 
apparatus for use with piping systems and associated equipments. 

BACKGROUND OF THE INVENTION 

[0002] Piping systems, vessels and associated apparatuses are 

used extensively in many industrial applications wherein fluids and other 
substances are used, produced or transformed, in certain industries, such as 
for example pharmaceutical industries and food processing industries, including 
non-limitatlvely the dairy industry, cleanliness is of utmost importance and Is 
governed by strict regulatory requirements and standards. 

[0003] Accordingly, the cleaning of corresponding piping systems, 

vessels and associated apparatuses must be performed regulariy or daily to 
maintain sanitary standards and to meet strict regulatory requirements. 
Furthermore, piping systems, associated vessels and associated apparatuses 
may also require cleaning to permit maintenance thereon and, in some cases, 
subsequently to such maintenance. 

[0004] Still furthermore, there exist a plurality of situations wherein 

fluids used during a given production cycle must be removed from industrial 
piping systems, vessels and associated apparatuses. For example, in the food 
processing industry, process fluids need to be removed from some sections or 
all of the hydraulic circuitry when the circuitry is used for processing a different 
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type of products, or even the same type of products in a different flavour, so as 
to avoid contamination between products or flavors. 

[0005] To meet cleanliness requirements and to allow for 

adequate-product-and/or~flavor-separation-during-processing-thereof-in-the 

most effective and cost efficient manner, most processing facilities have 
installed so-called "clean-ln-place" (CIP) systems. These CIP systems are 
often permanent fixed hard piped systems which operate quickly and reduce 
temporary installation such as temporary hoses, pumps and the like. 

[0006] Conventional CIP systems typically Include a number of 

tanks, silos or vesisels, associated pumps and valves and interconnecting 
piping. The conventional clean-ln-place systems generally fall in three 
categories. The first category is the so-called single use category in which the 
chemical cleaning agent is used once and discarded after use. The second 
category is the so-called multiple use category in which the chemical cleaning 
agent is stored after use and subsequently reused for system cleaning. The 
third category is a combination of both categories. 

[0007] Regardless of the type of system used, in the food processing 

industry such as in the dairy industry, the piping system, silos and associated 
apparatuses such as the filtration apparatuses, the dryers, the mixers, 
evaporators, pasteurizers, separators, filters, pumps and the like must be 
periodically cleaned, rinsed and sanitized, disinfected or sterilized so as to be 
maintained in a satisfactory sanitary condition. Generally speaking, a typical 
cleaning operation involves an Initial rinse cycle using clean or recovered rinse 
water, a subsequent detergent wash cycle using a detergent solution, a post 
rinse cycle and a final germicidal step using a sanitizing, asepticising, 
disinfecting or sterilizing solution. If that solution has a *'no rinse" approval at 
the recommended use concentration no further rinse is required. If there is no 
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such approval, a final rinse must be done with sterile water. In some cases, a 
last step of drying, draining or performing an air blow with sanitary air is finally 
performed. 

-[0008] Whether-the-processed-liquid-needstobe-washed-outof-the 

overall circuitry in order to make place for a different product or flavor or for 
cleaning purposes, five conventional methods are typically used. In 
accordance with a first prior art method, water is added to the circuitry 
upstream and Is pushed at the back of the processed liquid with the use of the 
same pumping apparatuses used for processing until it reaches a downstream 
target location. 

[0009] The volume of water being pumped is measured using a flow 

meter or by time. Once the measured volume of water has been pumped 
throughout the circuitry, the outflow is deviated towards a drain or towards a 
recuperation tank for further use in the process when possible. Rinsing is then 
continued towards the drain until clear water flows out of the circuitry. 

[001 0] There are several other ways to make a product recovery at 

end of process. For example, instead of using a flow meter, the product 
recovery after end of process is also done In the industry using either a 
conductivity meter or a turbidity meter or an optometer. That apparatus is 
normally Installed at the end of the circuitry. The water is pumped or pushed at 
the beginning of the circuitry and the analyser (conductivity meter, turbidity 
meter or optometer) controls the destination of the fluid (to the further pnacess 
or to a recovery tank or to drain) based on the set point that was preset. In 
both cases (this one and the one using a flow meter), the disadvantages are 
the same. There is still a considerable amount of water used. 



[0011] 



A large amount of water is used to push the product being 
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cleaned out of the circuitry. The greater the size of the circuitry or piping 
system, the greater the volume of water required as there will be an important 
dilution factor 

_[0_OL12] ln_situations_wherein^the-push-out-of-a-given-.product~is 

performed between two types of products, the inverse procedure must also be 
performed. Indeed, the second product will be used to push the water 
downstream. In such Instances, water flows towards the drain until there is a 
noticeable phase change or cut. Because of the dilution factor, the phase 
change or cut does not happen sharply and, hence, the product-water mixture 
must be deviated towards the drain until there Is the downstream flow of 
substantially pure product (without any significant dilution). 

[0013] When the cleaning of the circuitry is being performed, the 

same type of steps must be used to bring the disinfecting or washing liquid Into 
the circuitry and also to push the latter out of the circuitry. In other words, 
between each phase, water is used to eliminate food product or washing 
product residues, which also causes a relatively large amount of water to be 
used. In addition, in some cases the returning water and residues needs to be 
treated before being released, which results in relatively large costs due to the 
relatively large quantity of returning water and residues to process. 

[0014] A third method for pushing a fluid out of a circuitry involves 

the use of pressurized air. Pressurized air . is introduced upstream in the 
circuitry In order to push the liquid downstream. This method is mainly used In 
situations prohibiting the mixing of water and the product. 

[0015] The use of pressurized air is responsible for numerous 

drawbacks. For example, incorporating air into the product may result in 
oxidizing the final product and, hence, altering its taste and its expected 
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lifetime. Also, incorporation of air in the product may result in the production of 
foam, which may render the process inaccurate. 

[0016] Furthermore, the use of air to push the product downstream 

-may-create-preferential-pathways-in-the-ptping-system,-Rart-of-the product-only 
is then pushed out of the circuitry. Accordingly, there is a loss of product since 
the air is often unable to push all of the product downstream, particularly in 
situations wherein there are changes In piping diameter and wherein there 
exists vertical piping in certain areas, which is often the case. 

[0017] A fourth principle used in product recovery includes the use of 

a so-called ''pig system". The recovery Is done using some Idnd of recovery 
device, such as for example a cork, a plug or a ball that fits and can slide into 
the pipe from an insertion point A to an outlet point B. After the end of process, 
the recovery device is inserted at the beginning of the process circuitry via a Y 
type of pipe with pressurized air. That same air then pushes this recovery 
device from point A until it reaches point B, and then through a an outlet 
including a Y type of pipe again. That system is mainly seen in applications 
where the product to move out is viscous. 

[0018] l-iowever, that principle is rarely seen because of the 

following drawbacks: 

[0019] I. the recovery device can become stuck in the 

pipe, which sometimes even require that the pipe be cut for recovery of the 
recovery device; 



[0020] ii. to identify where the recovery device may 

become stuck, the recovery device typically contains a magnet and, outside the 
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pipe, magnet detectors are installed along the pipe, this results in a relatively 
expensive cleaning system; 

[0021] iii. the recovery device is practically only usable 

in pipes of substantially constant diameter with no protruding valve. As soon as 
the circuitry has valves, plates, pumps, filters or any other process equipment, 
this prindple can't be used; and 

[0022] iv. curved pipes need to have relatively large 

radius of curvature, which is relatively expensive and can present a problem of 
space In the plant. 

[0023] A fifth principle used in the cleaning of pipes includes solid 

granules mixed with fluids. The fluid and granules mixture are either pushed 
with a pressurized gas or pulled through a partial or total vacuum. However, in 
this method the granules complicate an eventual recovery of food residues that 
are washed using this fifth principle. Furthermore, this principle cannot typically 
be used to clean processing equipment in which vessels are equipped with 
spray devices because the granules may plug the vessel spray device, or they 
can settle at the bottom of the vessel and be relatively hard to dislodge. 

[0024] Also, systems using this principle are relatively complex and 

therefore relatively expensive and relatively more prone to malfunction than 
systems wherein only a fluid is used. Furthermore, before being reused, if such 
a reuse is desired, the granules typically need to be washed and disinfected. 

[0025] Accordingly, there exists a need in the industry for an 

improved cleaning method and apparatus for use with piping systems, vessels 
and associated equipment. 
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OBJECTS OF THE INVENTION 

[0026] An object of the present invention is therefore to provide an 

improved cleaning method and an improved cleaning apparatus. 

SUMMARY OF THE INVENTION 

[0027] In a first broad aspect, the invention provides a method for 

cleaning an interior surface of a processing equipment using a treatment liquid, 
the processing equipment including a pipe section defining pipe section first 
and second ends, the pipe section defining a pipe section volume delimited by 
the pipe section first and second ends, the pipe section being initially at an 
initial intemal pressure. The method includes: 

[0028] - introducing a predetermined volume of the treatment liquid 

Into the pipe section at a location substantially adjacent the pipe section first 
end, the predetermined volume being substantially smaller than the pipe 
section volume; and 

[0029] * circulating the predetermined volume of the treatment 

liquid through the pipe section by simultaneously 

[0030] - reducing an intemal pressure within the pipe 

section at a location substantially adjacent the pipe section second end to a 
level substantially below the initial internal pressure; and 

[0031] - increasing an intemal pressure within the 

pipe section at a location substantially adjacent the pipe section first end to a 
level substantially ak>ove the initial intemal pressure. 
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[0032] In some embodiments of the invention, the treatment liquid is 

atomized into the first pipe. In other embodiments of the invention, the 
treatment liquid is introduced into the first pipe as a substantially coherent 
volume of liquid. Atomizing the treatment liquid has many advantages, 
Including non-llmitatively Improving wettin g of the surfaces to treat wet , 
lengthening a time during vyhich an active component of the treatment liquid 
contacts the surface to cldan and helping in sterilizing air circulated within the 
processing equipment if an atomized sanitizer contains oxidizing components. 

[0033] The treatment liquid is any suitable liquid, including non- 

llmitatively water, an acid solution, a caustic solution, a germicidal solution, an 
alkaline solution, a buffer solution, a water-based solution containing an organic 
solvent, an enzyme-containing solution, a biologically active mixture, or any 
other suitable liquid usable to clean a pipe section, processing equipment in 
fluid communication with the pipe section, or both. Biologically active mixtures 
include non-limitatively mixtures of water or a suitable solution with bacterias, 
phages, viruses, or yeasts, among others. 

[0034] Advantages of the present invention Include that only part of 

the overall piping system and/or associated receptacles and/or apparatuses 
need to be filled In order to be able to perform various treatments such as a 
change in product or in product flavor, the cleaning of the processing 
equipment or any other suitable treatments or processes. 

[0035] The required volumes of liquids are reduced or minimized 

with respect to many existing cleaning methods, hence leading to smaller 
required volumes of rinsing waters and products or solutions, such as for 
example cleaning and/or asepticlsing products and solutions and the like. The 
reduced required volumes of liquid also lead to a reduced required amount of 
energy, for example a reduced amount of energy required for heating the 
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various liquids. 

[0036] Furthermore, at the end of a given production cycle, but prior 

to the introduction of a cleaning agent in the equipment to dean, any liquid 
remalning-in-the-6ircuitry-may-be pushed-downstream-with-a-relatively-small 
volume of water. Consequently, the recovered liquid Is less diluted and may be 
re-cdncentrated more easily and more economically reinserted into a process. 
Still furthermore, the required storage volumes for performing the same 
recuperation steps are decreased. IHence, not only are there reduced losses of 
product, but also the used recovered water contains a more concentrated 
amount of residues and is produced In smaller quantities. 

[0037] Still furthermore, the phase separations between the various 

liquids such as between the processed liquid and water, the treatment solutions 
and water and so forth are relatively sharp. As a result, recuperation of the 
various treatment liquids is enhanced. The purity of such treatment liquids is 
also enhanced, hence allowing for a greater number of reuse of such treatment 
liquids. 

[0038] Accordingly, the proposed method and device Is not only 

more environmentally friendly, but also are more economical than many prior 
art method and devices. 

[0039] Still furthermore, the proposed device or system is 

manufacturable using conventional circuitry items so as to provide an Improved 
system that will be economically feasible, long-lasting and relatively trouble-free 
in operation. 

[0040] Still furthermore, some embodiments of the Invention allow 
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using some processing equipments that are typically present in a production 
line to perform the cleaning process. This leads to cleaning apparatuses that 
are less expensive to manufacture and maintain. 

[0041] Still furthermore, the present invention is usable to clean 

equipment other than pipes, such as silos, still using relatively small quantities 
of fluids as leading and returning pipes need not to be filled completely with 
fluids. 

[0042] In addition, the use of treatment liquids that do not entirely fill 

the section of pipe to clean allow to circulate the treatment liquids relatively 
faster than in many prior art devices, and in some embodiments of the 
invention, to circulate the treatment liquids through pipes of non-uniform 
diameters. 

[0043] In another broad aspect, the Invention provides an apparatus 

for cleaning an interior surface of a processing equipment using a treatment 
liquid, the processing equipment including a pipe section defining pipe section 
first and second ends, the pipe section defining a pipe section volume delimited 
by the pipe section first and second ends, the pipe section being initially at an 
initial internal pressure. The apparatus includes: 

[0044] - a controller; 

[0045] - a treatment liquid source; 

[0046] - a treatment liquid feeder in fluid communication with the 

treatment liquid source and with the pipe section first end, the treatment liquid 
feeder being connected to the controller, the treatment liquid feeder being 
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controllable by the controller to allow an introduction of a predetermined volume 
of the treatment liquid into the pipe section at a location substantially adjacent 
the pipe section first end, the predetermined volume being substantially smaller 
than the pipe section volume; 

[0047] - a low pressure source in fluid communication with the pipe 

section, the low pressure source being selectively operatable to produce a 
reduction in an intemal pressure within the pipe section at the location 
substantially adjacent the pipe section second end to a level substantially 
below the initial internal pressure; and 

[0048] - a high pressure source in fluid communication with the 

pipe section, the high pressure source t>eing selectively operatable to produce 
an increase In an intemal pressure within the pipe section at the location 
substantially adjacent the pipe section first end to a level substantially above 
the initial internal pressure; 

[0049] * wherein the increase in the intemal pressure within the 

pipe section at the location substantially adjacent the pipe section first end and 
the reduction in the intemal pressure within the pipe section at the location 
substantially adjacent the pipe section second end are produced 
simultaneously to circulate the predetennined volume of the treatment liquid 
through the pipe section. 

[0050] In yet another broad aspect, the invention provides an 

apparatus for cleaning an interior surface of a processing equipment using a 
treatment liquid, the processing equipment including a pipe section defining 
pipe section first and second ends, the pipe section defining a pipe section 
volume delimited by the pipe section first and second ends, the pipe section 
being initially at an initial intemal pressure. The apparatus includes: 
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[0051] - controlling means for controlling at least in part the 

apparatus: 

[0052] - a treatment liquid source; 



[0053] - treatment liquid feeding means for introducing a 

predetermined volume of the treatment liquid into the pipe section at a location 
substantially adjacent the pipe section first end, the predetermined volume 
being substantially smaller than the pipe section volume; 

[0054] - low pressure production means for producing a reduction 

in an intemal pressure within the pipe section at a location substantially 
adjacent the pipe section second end to a level substantially below the initial 
intemal pressure; and 

[0055] " high pressure production means for producing an Increase 

in an internal pressure within the pipe section at a location substantially 
adjacent the pipe section first end to a level substantially above the initial 
intemal pressure; 

[0056] - wherein the increase in the internal pressure within the 

pipe section at the location substantially adjacent the pipe section first end and 
the reduction in the intemal pressure within the pipe section at the location 
substantially adjacent the pipe section second end are produced 
simultaneously to circulate the predetermined volume of the treatment liquid 
through the pipe section. 

[0057] Other objects, advantages and features of the present 

invention will become more apparent upon reading of the following non- 
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restrictive description of preferred embodiments thereof, given by way of 
example only with reference to the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0058] in the appended drawings: 

[0059] Figure 1 , in a schematic view, illustrates a cleaning apparatus 

In accordance with an embodiment of the present invention, the cleaning 
apparatus being shown connected to a processing equipment to clean; 

[0060] Figure 2, in a schematic view, illustrates a cleaning apparatus 

in accordance with an alternative embodiment of the present invention; 

[0061] Figure 3, in a schematic view, illustrates a cleaning apparatus 

in accordance with another alternative embodiment of the present invention; 

[0062] Figure 4, in a schematic view, illustrates a cleaning apparatus 

in accordance with yet another alternative embodiment of the present invention; 

[0063] Figure 5, In a schematic view, illustrates a cleaning apparatus 

in accordance with yet another alternative embodiment of the present invention; 

[0064] Figure 6A, in a schematic view, illustrates a cleaning 

apparatus in accordance with yet another alternative embodiment of the 
present invention, the cleaning apparatus being shown connected to a 
processing equipment to clean, the processing equipment including a silo; 



[0065] 



Figure 6B, in a schematic view, illustrates a cleaning 
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apparatus in accordance with yet another alternative embodiment of the 
present invention, the cleaning apparatus being shown connected to a 
processing equipment to clean, the processing equipment including a silo; 

.[0.0.6-6] Eigure_&C,_in— a— schematic— view,— illustrates— a— cleaning 

apparatus In accordance with yet another alternative embodiment of the 
present invention, the cleaning apparatus being shown connected to a 
processing equipment to dean, the processing equipment Including a silo; and 

[0067] Figure 7, in a schematic view, illustrates a cleaning apparatus 

in accordance with yet another alternative embodiment of the present invention, 
the cleaning apparatus being shown connected to a processing equipment to 
clean, the processing equipment including a silo. 

DETAILED DESCRIPTION 

[0068] The following description often refers to specific types of 

vessels, such as reservoirs, tanks and silos, among others. The reader skilled 
in the art will readily appreciate that the use of a specific type of vessel is made 
for illustration purposes and that in any case wherein a specific type of vessel Is 
mentioned, it is within the scope of the invention to use also any other suitable 
type of vessel. 

[0069] Figure 1 illustrates in a schematic view an apparatus 300 for 

cleaning an interior surface of a processing equipment, referred to generally by 
the reference numeral 302. The apparatus 300 is a so-called clean-in-place 
apparatus that is permanently, or semi-permanently connected to the 
processing equipment 302. However, the reader skilled in the art will readily 
appreciate that the claimed invention is also applicable to apparatuses that are 
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non-permanently connected to a processing equipment to clean. 

[0070] The processing equipment 302 includes a first pipe section 

305 defining a first pipe section first end 306 and a first pipe section second 
end 307. Tlie f irst pipe section 305 defines _a^irst^pipa__sectiQn_volume 
extending between the first pipe section first and second ends 306 and 307. 

[0071] The processing equipment 302 also includes other 

processing devices, such as for example silos, other pipe sections, or any other 
type of suitable equipment that is known in the art. The other processing 
devices are referred to by the reference numeral 308. The first pipe section 305 
is in fluid communication with the processing devices 308. 

[0072] The reader sidlled in the art will readily appreciate that Figure 

1 is only schematic and that the first pipe section 305 is generally, but not 
necessarily, relatively long. Also, although not specifically illustrated in Rgure 1 i 
the first pipe section 305 is generally part of a process line wherein a substance 
is processed. A non-limitative example of such a substance is a liquid destined 
to human consumption. 

[0073] Although not present in ail the embodiments of the invention, 

the processing equipment 302 also includes a second pipe section 309 in fluid 
communication with the processing devices 308. 

[0074] Generally speaking, the apparatus 300 implements a method 

for cleaning the interior surface of the processing equipment 302 with a 
treatment liquid. For example, and non-limitatively, the apparatus 300 
implements a method for cleaning the interior surface of the first pipe section 
305. 
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[0075] The treatment liquid is any suitable liquid. For example, the 

treatment liquid includes water, a treatment solution, or any other treatment 
liquid. In some embodiments of the invention, only one treatment liquid is used. 
In other emt}odiments of the invention, a plurality of treatment liquids is used. 

[0076] The method includes introducing a predetermined volume of 

the treatment liquid into the first pipe section 305 at a location adjacent the first 
pipe section first end 306. The predetermined volume of the treatment liquid is 
substantially smaller than the first pipe section volume. Subsequently, the 
predetermined volume of the treatment liquid is circulated through the first pipe 
section 305 from the first pipe section first end 306 to the second pipe section 
second end 307. The circulation is performed by simultaneously reducing the 
internal pressure within the first pipe section 305 at a location adjacent the first 
pipe section second end 307 to a level substantially below the initial intemal 
pressure and increasing the intemal pressure within the first pipe section 305 at 
a location adjacent the first pipe section first end 306 to a level substantially 
over the initial internal pressure. 

[0077] In other words, in this example, a volume of the treatment 

liquid is introduced into the processing equipment 302, the volume of the 
treatment liquid being substantially smaller than the volume of the pipe section 
to clean. Then, this predetermined volume of the treatment liquid is circulated 
within the pipe section to clean through both a pushing action with relatively 
high pressure and through a sucking action through a relatively low pressure. 

[0078] A controller 310 controls at least in part the apparatus 300. In 

other words, at least some of the components of the equipment 310 are 
connected to the controller 310. These components include actuators that act 
on fluids circulating within the apparatus 300 and the processing equipment 
302. These components also include valves that redirect fluids circulating within 
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the apparatus 300 and the processing equipment 302 towards various portions 
of the processing equipment 302 and the apparatus 300. Furthermore, some of 
these components are sensors that allow the controller 310 to monitor the 
operation of the apparatus 300, and in some embodiments of the Invention, to 
monitor the processing equipment 302. 

[0079] Although in a specific embodiment of the Invention most of 

the components of the apparatus 300 are connected to the controller 300. In 
other embodiments of the invention only a few of these components are 
connected to the controller 31 0. In yet other embodiments of the Invention, no 
controller 310 is provided and the claimed method is performed by a user 
manually performing the claimed method. 

[0080] The reader skilled in the art will readily appreciate that while 

no connection is explicitly shown in between the various components 
connected to the controller 310 and the controller 310 per se. these connection 
have been omitted from the drawings only for clarity purposes. 

[0081] The apparatus 300 includes a treatment liquid source in the 

fonm of a tank 1 . The apparatus 300 includes only one tank, namely tank 1 . In 
this case, the tank 1 is usable to feed fresh water to a supply pump so that the 
water may be pumped into the processing equipment to clean 302. Also, the 
tank 1 is usable to store a treatment solution that Is also Introduced Into the 
processing equipment 302. Furthermore, the tank 1 is usable to recover the 
predetermined volume of the treatment liquid to allow its reinsertion into the 
processing equipment 302. 

[0082] In some embodiments of the Invention, the tank 1 is 

configured to be able to provides the treatment liquid to a supply pump 6. 
described in further details hereinbelow, even if a relatively small portion of the 
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tank when it is filled with liquid. Therefore, the supply pump 6 is able to operate 
whether a relatively large or a relatively small quantity of the treatment liquid is 
contained within the tank 1. This type of tank is well known in the art and vyill 
therefore not be described in further details. 

[0083] The tank 1 is further usable to adjust a property of the 

treatment liquid prior to its insertion into the processing equipment 302, as 
described in further details hereinbelow. However, In other embodiments of the 
invention, there is no need to adjust a property of the treatment liquid prior to its 
insertion into the processing equipment 302. 

[0084] In some embodiments of the invention, emptying of the tank 1 

is controllable through a tank outlet valve 2. The tank outlet valve 2 allows the 
treatment liquid to flow out of the tank 1 when In an opened configuration and 
prevents the treatment liquid to flow out from the tank 1 when in a closed 
configuration. 

[0085] A firesh water feed valve 3 allows to selectively admit into the 

tank 1 aqueduct water through a suitable connection to the aqueduct (not 
shown in the drawings). However, ^n alternative embodiments of the invention, 
no connection to the aqueduct is provided and, therefore, the fresh water feed 
valve 3 is not necessary in these embodiments. 

[0086] Also, in some embodiments of the invention^ a tank level 

sensor 4 is provided to measure a level of the treatment liquid within the tank 1 . 
The tank level sensor allows to control the quantity of liquid present within the 
tank 1 , to confirm that the tank 1 is empty if any step of the above described 
method requires that this tank be empty or to confirm that the first volume of the 
first treatment liquid is properly recovered within the tank 1 in embodiments of 
the invention wherein this is desirable. 



wo 2005/099918 



PCT/CA2005/000586 



19 

I 

[0087] Also, the tank level sensor allows preventing the operation of 

the supply pump 6 under conditions wherein an insufficient quantity of the 
treatment liquid is contained within the tanic 1. In some embodiments of the 
invention, an overflow pipe 5 is provided so that liquid might overflow through 
the overflow pipe 5 if the level of the treatment liquid within the tanl< 1 reaches 
a predetermined level above which operation of the tank 1 becomes, for 
example, hazardous or sub-optimal, among other conditions wherein the tank 1 
should not be operated. 

[0088] A supply pump 6 is in fluid communication with the tank 1 . 

This supply pump forces the treatment liquid towards the first pipe section 305. 
In some embodiments of the Invention, the supply pump 6 also allows to 
circulate the treatment liquid in a closed circuit outside of the processing 
equipment 302 for purposes that are described in further details hereinbelow. 
Also, the supply pump 6 is in fluid communication with a by-pass pipe 50 so as 
to be able to pump the liquid supplied through this by-pass pipe 50. In some 
embodiments of the invention, a check valve 7 is provided downstream of the 
supply pump 6 so as to stop liquids from flowing towards the tank 1 . 

[0089] In some embodiments of the invention, one or more sources 

of drinkable aqueduct water are provided in fluid communication with the 
processing equipment 302. For example, as shown in Fig. 1 , one of these 
sources includes a cross body valve 8 and a block and bleed valve 9. The 
bleed valve 9 is connected to an aqueduct feed pipe 10 and controls an 
admission of water towards the cross body valve 8. The cross body valve 8 
selectively allows the admission of aqueduct water into the apparatus 300. 

[0090] In the apparatus 300, the cross body valve 8 is provided 

immediately downstream from the supply pump 6. However, the location of a 
drinkable aqueduct water source within a similar apparatuses may be at any 
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other suitable location. Also, in other embodiments of the invention, more than 
one drinkable aqueduct water sources are provided. 

[0091] In some embodiments of the invention, a strainer 11 is 

provided to stop debris from being pumped towards the processing equipment 
302. For example, and non-limttatively, the strainer 1 1 is provided downstream 
of the pump 6. However, in other embodiments of the invention, the strainer 1 1 
is not provided. 

[0092] In some embodiments of the invention, a supply flow meter 

12 is provided for measuring the flow of the treatment liquid pumped by the 
supply pump 6 towards the processing equipment 302. However, in alternative 
embodiments of the Invention, the supply flow meter 12 is not provided and 
determination of the volume of the treatment liquid provided to the processing 
equipment 302 is performed by measuring time interval during which the pump 
6 is activated, in yet other embodiments of the invention, a level sensor in the 
tank 1 from which the treatment liquid is pumped is used to determine when 
the predetermined volume of the treatment liquid has been pumped. 

[0093] If regulation of the temperature of the first treatment liquid is 

desired, a heat exchanger 13 is provided downstream of the pump 6 so that the 
temperature of the treatment liquid is suitable adjustable. The heat exchanger 

13 admits steam through a shut-off steam valve 14 and a regulating steam 
valve 15, which may be both connected to the controller 310, but which are not 
necessarily connected to the controller 310. A temperature sensor 16 Is 
provided downstream of the heat exchanger 13 and allows to suitably control 
the modulating steam valve 15 so as to suitably adjust the temperature of the 
treatment liquid. 



[0094] 



In some embodiments of the Invention, water and a solute are 
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provided separately and thereafter mixed to produce a treatment solution, such 
as for example a detergent-containing solution, an acid solution, a caustic 
solution, a buffer solution, a neutral solution, an enzyme-containing solution, or 
any other suitable treatment solution usable to clean the processing equipment 
302. In some embodiments of the invention, water or any suitable solution is 
also mixable a biologically active components to form a biologically active 
mixture. 

[0095] In these embodiments, an adjustment of the concentration of 

the treatment solution may require that this concentration be sensed. For 
example, a conductivity sensor 1 7 is provided to sense a conductivity of the 
solution, the conductivity of the solution depending on the concentration of 
solute within the solution. Then, water may be added or the solute may be 
added to the treatment solution so that concentration of the solute reaches a 
predetermined level. Adjustment of the concentration is described in further 
details hereinbelow. 

[0096] Downstream of the heat exchanger 13, a circuit feed valve 1 8 

is provided to selectively allow delivery of the treatment liquid to the processing 
equipment 302 or to prevent this delivery. If this delivery is prevented, in some 
embodiments of the invention, it is possible to circulate the treatment liquid into 
a closed circuit allowing to adjust the property of the treatment liquid, such as a 
temperature of the treatment liquid or a concentration of a solute into a 
treatment solution, among others. 

[0097] When the circuit feed valve 18 is closed, the treatment liquid 

is directed towards a circulation valve 20. When the circulation valve 20 is 
opened, the treatment liquid is fed by the supply pump 6 into a closed loop 
circulating return pipe 21 connected to the tanl< 1. In this case, the treatment 
liquid is recirculated back to the tank 1 , which allows adjusting the property of 
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the treatment liquid, such as a temperature, or a concentration of a solute 
within a treatment solution, among others. 

[0098] indeed, using informatibh provided by the temperature sensor 

16, the treatment liquid may be circulated through the tank 1 and the heat 
exchanger 13 until the temperature of the treatment liquid reaches a 
predetermined temperature. Also, using information provided by the 
conductivity sensor 17, the treatment liquid may be recirculated through the 
tank 1 and passed solute and water sources that are suitably operated to add 
water or solute until the conductivity of the treatment liquid reaches a 
predetermined conductivity, the predetermined conductivity being indicative of 
a predetermined concentration of a solute within a treatment solution. An 
example of such a solute source is an injection port 59 provided between the 
tank 1 and the pump 6. The injection port 59 allows injecting suitable 
substances to form treatment solutions, as described hereinabove. 

[0.099] When the circulation valve 20 is closed, the treatment liquid is 

directed towards a return circuit through which the treatment liquid passes 
further to its circulation into the treatment equipment 302. The presence of the 
valve 22 In the apparatus 300 is not required in every embodiment of the 
Invention. However, it allows more control over the flow of liquids within the 
apparatus 300 and is usable, for example, to empty completely the tank 1 or to 
heat the retum circuit, among other uses. 

[01 00] The increase In pressure that Is responsible in part for the circulation of 
the treatment liquid within the processing equipment 302 is produced in any 
suitable manner. For example, the increase in pressure is produced by the 
injection into the processing equipment 302 of an atomized solution, 
compressed or pressurized gases, or steam, among others. The injection of 
these pressurized fluids is performed through the use of individually controlled 
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valves 24, 26 and 27 that respectively control the flow of the atomized solution, 
compressed or pressurized gas, or steam to a pressurization valve 23 provided 
between the tank 1 and the processing equipment 302. The pressurization 
valve 23 is opened further to the injection of the treatment liquid through the 
valve 23. 

[0101] In a case wherein the Increase in pressure Is produced through the 
injection of an atomized solution, a nozzle 25 is provided to atomize the 
solution. For example, the atomized solution is a chemical solution of a 
composition similar to a composition of a treatment solution provided to the 
processing equipment 302. The reader skilled in the art will readily that 
appreciate the nozzle 25 is any suitable nozzle that may produce a fine or a 
mist jet, a vaporized jet, a fog jet, a fumigated jet or a pulverized spray, among 
others. Also, in other embodiments of the invention, either many sources of 
atomized solutions are present, or no source of atomized solutions is present. 

[0102] While in some embodiments of the invention the atomized solution is an 
atomized solution of a composition substantially similar to the composition of 
the treatment solution, in other embodiments of the invention, the atomized 
solution is an atomized solution of a composition substantially different from the 
composition of the cleaning solution. 

[0103] In addition, in alternative embodiments of the invention a 

section of the processing equipment 302 to clean, for example the first pipe 
section 305, is electrically isolated and charged with an electrical charge of a 
first type. Then, the atomized treatment solution is charged with an opposite 
electrical charge prior to being introduced into the section to clean, thereby 
allowing the charged atomized solution to be attracted towards the interior 
surface of the charged processing equipment. 
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[001 04] In cases wherein a conripressed or pressurized gas is 

introduced to increase pressure, any suitable gas such as, for exaniple, air, 
nitrogen, carbon dioxide, among others, is used. In a specific exarhple, the gas 
Is steam. In other examples, a dedicated steam source is provided. 

[00105] While providing an increase in pressure, steam also allows 

to regulate a temperature of the apparatus 300 and of the processing 
equipment 302. Such regulation In temperature is suitable in many cleaning 
processes as cleaning sometimes gains In efficiency if temperature is 
increased above ambient temperature. 

[0106] In some emtx)diments of the invention. It Is desired that the 

treatment liquid introduced into the processing equipment 302 be foamed. In 
these cases, a mixing chamber 28 and a restricting valve 31 are provided 
downstream of the valves 23 so as to produce the foamed treatment liquid. 

[0107] Between the valve 23 and the processing equipment 302, 

sensors, such as a pressure sensor 29 and an anemometer 30 are provided. 
These sensors monitor the cleaning process and help in ensuring proper 
operation of the apparatus 300. IHowever, in alternative embodiments of the 
invention, the sensors 29 and 30 are not present and no monitoring is 
performed. 

[0108] For example, the anemometer 30 is usable to measure a 

quantity of gas or atomized solution introduced into the processing equipment 
302. In this case, monitoring the quantity of gas or atomized solution recovered 
at the outlet of the processing equipment 302 helps in ensuring that leaks 
within the processing equipment 302 during the cleaning process are 
minimized. 
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[01 09] The pressure sensor 29 is usable to detect a drop in pressure 

indicative of an equipment failure or malfunction. The pressure sensor 29 is 
also usable to provide feedback in cases wherein an increase or a decrease in 
pressure is to be performed, as described hereinbelovk/. 

[0110] In the apparatus 300, the treatment liquid may be circulated 

within the processing equipment 302 in two different directions. To that effect, 
two three-way valves 32 and 35 are provided so that they are in fluid 
communication with the valve 23. The three-way valves 32 and 35 are 
configured so that the treatment liquid is introducible either into the processing 
equipment 302 through the first pipe section 305 or through the second pipe 
section 309. 

[0111] The configuration of the first and second routing valves 35 

and 32 is selected so that the treatment liquid is selectively either introduced 
into the first pipe section 305 and recovered through the second pipe section 
309, or introduced into the second pipe section 309 and recovered through the 
first pipe section 305. A routing pipe 37 interconnects the routing valves 32 
and 35 to ensure that the liquid may flow through the processing equipment 
302 in two directions, as described hereinabove. 

[0112] The reader skilled in the art will readily appreciate that in 

altemative embodiments of the invention, the routing valves 32 and 35 are not 
present. Also, in other embodiments of the invention, the treatment fluid is 
routed trough the processing equipment 302 in any other suitable manner. 

[0113] The ability to introduce the treatment liquid within the 

processing equipment 302 at two different locations typically improves an ability 
of the apparatus 300 to reach with the treatment liquid locations within the 
processing equipment 302 that might be othenvise relatively hard to reach. 
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Also, this ability helps to heat more uniformly the processing equipment 302 
with steam when desired. 

[0114] Circulation of a treatment liquid in a reverse direction may be 

performed either using the same treatment liquid that has been circulated in a 
direct direction, eventually following recovery, or using another batch of a 
similar or different treatment liquid. 

[0115] A suction pump 38 is provided downstream of the processing 

equipment 302 so as to provide a low pressure source that sucl<s the fluid 
throughout its circulation into the processing equipment 302. In some 
embodiments of the invention, the suction pump 38 is not present and, instead, 
an altematlve vacuum source is provided, as described in further details 
hereinbelow. 

[0116] In some embodiments of the invention, the difference in 

pressure between an initial internal pressure of the pipe section to clean and a 
low pressure generated as the second end of the pipe section to clean is 
substantially equal to the difference in pressure between an initial pressure 
within the pipe section to clean and a pressure provided by the high pressure 
source. In other embodiments of the invention, the difference between these 
two pressure differences is less than about 10%. In yet other embodiments of 
the invention, the difference between these two pressure differences is about 
10% talces any suitable value. An advantage of having relatively similar 
increase and decrease in pressure with respect to the initial intemal pressure 
resides in that it reduces hydraulic shocks due to the propagation of liquids and 
gases within the processing equipment 308. 

[0117] In some embodiments of the invention, another check valve 

39, is provided downstream of the pump 38 so as to prevent reverse flow of 
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liquids through the apparatus 300. l-lowever, the checic valve 39 is not present 
In other embodiments of the invention. 

[0118] In some embodiments of the invention, sensors are further 

provided downstream of processing equipment 302. Examples of such sensors 
Include a temperature sensor 40, a conductivity sensor 41, a vacuum or 
pressure sensor 42, an anemometer 43 and a flow meter 44, among others. 
However, in alternative embodiments of the Invention, only some of the above- 
described sensors are present. In yet other emt>odiments of the invention, none 
of these sensors are present. In some embodiments of the invention, the output 
of the temperature sensor 40, conductivity sensor 41, vacuum or pressure 
sensor 42, anemometer 43 and flow meter 44 as a function of time is recorded 
to provide historical data regarding the apparatus 300. 

[0119] The temperature sensor 40 measures the temperature of the 

liquids, the gas or the gas & atomized solutions that are returning from the 
processing equipment 302. This measurement is useful to confimi that the 
solution or the gas is coming back at a predetermined retum temperature. The 
temperature sensor 40 is also useful to confirm that a cleaning step has been 
performed at a suitable temperature. 

[0120] The conductivity sensor 41 measures the conductivity of the 

returning treatment liquids. As such, it is useful to confirm that the treatment 
liquids returning from the processing equipment 302 are electrically conducting 
with a conductivity that is within a predetermined interval indicating that the 
cleaning method performed by the apparatus 300 is working properly. Also, in a 
rinsing phase after any chemical phase, wherein water is used, the conductivity 
sensor may be used to confirm that the rinsing phase is completed when the 
conductivity of the retuming rinsing water falls below a predetermined rinsing 
completion conductivity level. 
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[0121] The vacuum or pressure sensor measures the pressure 

(positive or negative) of the retuming liquid or gas. That measurement is useful 
to determine when to apply or remove the application of high or low pressures 
to various portions of the apparatus 300. 

[0122] The anemometer 43 measures the displacement of an 

introduced gas, and in some embodiments of the invention, of an introduced 
atomized treatment solution, further to its passage through the processing 
equipment 302. That measurement allows to confirm that a proper flow speed 
is obtained throughout the processing equipment 302. 

[0123] The flow meter sensor 44 measures the flow of fluids further 

to their passage through the processing equipment 302. This allows to confirm 
a substantially complete return of the fluids that have been introduced into the 
processing equipment 302, which in turn allows to confirm that a predetermined 
action, such as for example starting a rinsing phase, may be performed. Also, 
flow meter transmitter 44 allows to identify losses within the processing 
equipment 302. 

[0124] In some embodiments of the invention, an aspirator / blower 

45 is provided downstream of the processing equipment 302. The aspirator / 
blower 45 is usable to create the low pressure that is used to circulate the 
treatment liquid through the processing equipment 302. in addition, the 
aspirator/blower 45 is usable to produce a high pressure allowing the push the 
treatment liquid through the processing equipment 302. 

[0125] In some embodiments of the invention an atomized treatment 

fluid is introduced by the apparatus 300 and thereafter circulated through the 
processing equipment 302 and through the apparatus 300. In these 
embodiments the aspirator/blower 45 may be used to provide a low pressure 
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source simultaneously with a high pressure source to continuously circulate the 
atomized treatment fluid. In other embodiments of the invention, the 
aspirator/blower 45 is not provided. 

[0126] While a specific location for the aspirator/blower 45 Is 

Illustrated In Figure 1, the reader sidlled In the art will readily appreciate that in 
alternative embodiments of the invention, the aspirator/blower 45 is located at 
any other suitable location. Also, in some embodiments of the invention, the^ 
suction pump 3^ has the same ability of aspirating and blowing gas or gas & 
atomized chemical solution mixture and the aspirator/blower 45 may then not 
be required. Furthermore, depending of the length or size of the circuit through 
which the treatment liquid is circulated, a plurality of aspirator/blowers may be 
provided. Also, this device may not be part of the apparatus 300 without 
departing from the scope of the Invention. 

[0127] A return blocic valve 46 and a circuit loop valve 48 are 

provided to either redirect fluids passing through the valve 22 to a liquid/gas 
separator 51 or directly into the tank 1. Specifically, when the valve 46 is 
opened and the valve 47 is closed, the fluids are directed into the liquid/gas 
separator 51, which then separates gases and liquids further to the circulation 
through the processing equipment 302. Then, liquids are fed back Into the tank 
1 , for example by opening a valve 56 provided between the aspirator 51 and 
the tank 1 , or, altematively, the liquids may be discarded through an alternative 
path, in some embodiments of the invention, a level sensor is also provided for 
the separator 51 so as to measure a quantity of liquid contained within the 
separator 51. 

[0128] Regarding the gases produced by the separator 51, they may 

be vented, or alternatively sucked through a vacuum pump 54. In this later 
case, a gas evacuation pipe 52 Is connected to a three-way valve 53 that either 
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directs the gases to a vent 322 or to the vacuum pump 54. In alternative 
embodiments of the invention, the vacuum pump 54 is omitted. 

[0129] In other embodiments of the invention, the pump 54 is 

included into the apparatus 300 as described hereinabove to replace either 
pne, or both, of the suction pump 38 and the aspirator/blower 45. In addition, in 
embodiments of the invention wherein either of the pump 38 or the 
aspirator/blower 45 are present, the vacuum pump 54 is usable to increase a 
negative pressure produced within the processing equipment 302. 

[0130] In other embodiments of the invention the vacuum pump 54 is 

used to build a negative pressure (with respect to the initial internal pressure) 
within the first pipe section 305. Subsequently, liquids and pressurized gases 
are introduced into the first pipe section 305, which produces a release of the 
negative pressure that forces a relatively fast displacement of the treatment 
liquid within the pipe section to clean. 

[0131] A routing pipe 49 is connected to the circulation valve 56 and 

is directed towards another routing valve 48. The routing valve 48 allows to 
direct any fluid flowing thereinto either towards the tank 1 , with which it is in 
fluid communication, or towards a by-pass pipe 50 that allows to circulate fluids 
within the apparatus 300 while by-passing the tank 1 . By-passing the tank 1 
allows, among other possibilities, to re-direct fluids passing through the valve 
48 towards a drain valve 58 that allows to drain the apparatus 300. 

[0132] In use, the processing equipment 302 is first emptied from 

liquids. While the processing equipment may be emptied using any suitable 
known method, it is also within the scope of the invention to empty the 
equipment 302 by increasing a pressure upstream of the processing equipment 
302 and by either simultaneously or alternatively reducing a pressure 
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downstream of the processing equipment 302. 

[0133] Then, a treatment liquid is introduced and drculated within 

the processing equipment 302 as described hereinabove. The reader sidlied In 
the art will readily appreciate that while the introduction of either atomized 
treatment liquids or of only one substantially coherent volume of treatment 
liquid has been described hereinabove, it is within the scope of the invention to 
introduce a train of substantially coherent volume of treatment liquids. Also, 
while the description found hereinabove refers to only the introduction of one 
type of treatment liquid in a so-called cleaning phase, it is within the scope of 
the invention to perform a successively plurality of cleaning phases using either 
similar or different treatment liquids. It is furthermore within the scdp(9 of the 
invention to clean the processing equipment 302 while mixing cleaning phases 
using substantially coherent volume of treatment liquids and atomized 
treatment liquids. 

[0134] Figure 2 illustrates an alternative apparatus 300a similar to 

the apparatus 300. A difference between the apparatus 300a and the 
apparatus 300 resides in that the tank 1 , along with the valves 2 and 3, level 
sensor 4, overflow pipe 5 and valve 48 are not present. Instead, the separator 
51 is used both to store the treatment liquid, as the tank 1 performs in the 
apparatus 300, and to separate liquids from gases, as described with respect to 
the apparatus 300. To that effect, the valves 8 and 9 are relocated to allow the 
admission of aqueduct water directly into the routing circulation pipe 49. 

[0135] Advantageously, this embodiment is more cost effective In 

some embodiments of the invention as it reduces a number of components 
required with respect to the number of components required for the apparatus 
300. 
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[0136] Figure 3 Illustrates another alternative embodiment of the 

invention wherein an apparatus 300b does not include a vacuum pump 54 and 
associated valves. Instead, an eductor 401 provides a vacuum source. To that 
effect, a centrifugal pump 402, or any other suitable pump, is connected at an 
outlet of the separator 51, the pump 402 directs fluids coming out of the 
separator 51 towards the eductor 401 , which is also in fluid communication with 
the processing equipment 302. 

[0137] The fluid collected at the eductor 401 is directed towards a 

valve 408 that either directs the fluid towards the separator 51 or towards the 
tank 1 through two valves 413 and 56. The valye 413 allows evacuating fluid 
from the apparatus 300c. . 

[0138] Two sources of fluids arrive at the eductor 401. First, a liquid 

provided by the separator 51 is pumped by a pump 402 into the eductor 401 , 
thereby creating a suction. Second, liquids and gases that have been pushed 
and pulled through the processing equipment 302 also arrive at the eductor 401 
and are aspired by the suction created by the liquid pushed by the pump 402. 

[0139] In some embodiments of the invention, an overflow valve is 

also connected to the separator 51 and allows to direct fluids from the 
separator 51 towards the valves 413 and S(e' 

[0140] If required, the separator 51 is emptied between phases. In 

this case, a level sensor 420 is provided below the separator 51 to confirm that 
the separator 51 is indeed substantially empty. The reader sicilled in the art will 
readily appreciate how to operate the various components of the apparatus 
300b to empty the separator 51 . . 
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[0141] An alternative apparatus 300c similar to the apparatus 300 is 

illustrated in Figure 4. In the apparatus 400c, the vacuum source 54 and 
associated valves are not present. In addition, the vacuum pump 54 is also 
absent from the apparatus 300c. In addition, the pump 6 of the apparatus 300c 
is a pump that acts both by sucking fluids upstream of the pump and pushing 
fluids in a downstream direction. 

[0142] The apparatus 300c, and many other alternative 

embodiments of the invention, allow performing a 2 step batch principle. In a 
first step, the pump 6 pumps the predetermined volume of the treatment liquid 
out of tanic 1 while other valves that may allow fluids to flow through the pump 6 
are closed. The pump 6 forces the liquid from the tank 1 towards the circuit 
feed valve 18 to valve3i and into the first pipe section 305. In that first step, no 
aspiration is performed. However, a gas (or mixture of liquid and gas, or liquid) 
that is coming bacic from treatment equipment 302 is allowed to enter the 
gas/liquid separator 51 is either vented, disposed of, or redirected towards the 
tanIc 1. 

[0143] In a second step, the valve 2 is closed, the three-way valve 

46 changes position, the valve 18 is closed and the valve 23 is opened. A 
pressurized gas is admitted into the first pipe section 305 through the valve 26, 
which creates an increase in pressure pushing the treatment liquid. At the 
same time, an aspirating force is produced by the suction of pump! 6. 

[0144] The apparatus 300c also allows performing a circulation of an 

atomized treatment solution if the pump 6 is effective to circulate gases 

[0145] Figure 5 illustrates yet another embodiment of the invention 

wherein yet an altemative apparatus 300d Is connected to the processing 
equipment 302. The apparatus 300d is substantially similar to the apparatus 
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300 except that additional tanks are provided. Examples of such additional 
tanks include non-limitatively a fresh water tank 83, a caustic tank 84, a 
recovered rinse tank 85, an acid tank 86, and a product recovery silo 82. 

^ ■ ■ ■ 

[0146] Valves 69/ 70, 71 and 72 allow to selectively redirect the 

liquid produced by the separator 51 respectively towards the tanks 84, 85, 86 
and the silo 82. Accordingly, in this embodiment of the invention, liquids may 
be recovered further to their circtilation through the processing equipment 302. 

[0147] Also, valves 63, 65, 66 and 67 control the flow of treatment 

liquids out from the tanks 83, 84, 85 and 86. The liquids flowing out from the 
tanks 83 through 86 are directed towards the pump 6. 

[0148] Also, Figure 5 illustrates an embodiment of the invention 

wherein the apparatus 300d may be connectable to a plurality of different 
sections of the processing equipment 302. To that effect, so-called U-bend 
connections 100 and 200 are provided to selectively connect the pipes 309 and 
305 to different sections of the equipment 308. In other embodiments of the 
Invention, any other suitable switchable pipe connections are provided. 

[0149] In the embodiment of the invention shown in the drawings, 

Uie processing equipment 302 includes pipes 101 and 103 respectively 
connected to the U-bend connections 100 and 200 so that the pipe sections 
309 and 305 are in fluid communication respectively with the pipes 101 and 
103. The pipe 103 leads to a pump 74, which pumps fluids towards the 
apparatus 300d through the pipe 103. 

[0150] The product recovery silo 82 allows recovering at least in part 

a substance left within the processing equipment 302. Indeed, circulating a 
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batch of fresh water through the processing equipment 302 and redirecting the 
fresh water contaminated by any residue left into the processing equipment 302 
towards the recovery tank 82 allows to further process the recovered water and 
product mixture, in some embodiments of the invention, this allows a relatively 
large increase in the cost effectiveness of the cleaning process. 

[0151] The appended tables illustrate specific examples of methods 

that may be performed using various apparatuses illustrated in the drawings. 
The reader sidlled in the art will readily appreciate that the examples given in 
the tables are non-limiting examples and are provided to better illustrate the 
claimed invention. However, these examples should not be used to restrict the 
scope of the invention. 

[0152] The tables are presented painA^ise to improve clarity. For 

example, tables 1A and IB illustrate the status of various valves and 
components shown in Fig. 5 for a spedfic example of a cleaning method. 

[0153] In the tables, lines correspond to steps into the example and 

columns correspond to components illustrated in the drawings. An X at an 
intersection of a line and a column indicates that for the specific step, the 
specific component is in an ON or OPEN status. For example, at step 1 of 
Table 1A, the aqueduct water valve 8 is open, along with the block and bleed 
aqueduct water valve 9, the routing valve 18, the suction return pump 38 and, 
as shown in Table 1 B, the routing valve to the recovery silo 62. The reader 
skilled in the art will readily appreciate that this con^esponds to introducing 
aqueduct water through the aqueduct water valve 8 and the block and bleed 
valve 9 and to route this water through the valve 18 towards the suction return 
pump 38 and then to the recovery silo 82. The other components of the 
apparatus 300d mentioned in Tables 1A and IB are in an OFF or CLOSED 
status. 
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[0154] Typically, the following actions, generally denoted by the term 

phase, may be performed during the cleianing process. A phase includes one or 
more steps. First, there is a recovery phase denoted by letters REC in the 
Tables wherein any product that might be left within the processing equipment 
302 further to emptying is recovered. Then, a rinse phase using water is 
jserformed, rinse phases being also typically performed between phases 
introducing different solutions or liquids within the processing equipment 302. 

[0155] Another type of phase performed is the so-called wash phase 

wherein a solution is circulated within the equipment. For example, steps 7 to 
12 form a caustic wash phase v^erein a caustic solution is circulated within the 
processing equipment 302. Also, typically at the .end of the cleaning method, 
but not necessarily so, a sanitizing, germicidal, disinfecting, aseptisizing or 
sterilizing phase is performed. 

[0156] In each phase, a predetermined volume of the treatment 

liquid is circulated within the processing equipment 302. Typically, but not 
exclusively, as shown for example in steps 3 and 4, a treatment liquid is 
introduced into the equipment and pressure differentials are created to circulate 
the treatment liquid within the processing equipment 302. 

[0157] In some embodiments of the invention, this two-steps 

sequence is performed more than one time during a given phase, sometimes 
using a reversal of flows within the processing equipment 302, as described 
hereinabove. 

[0158] Tables 2A and 2B, 3A and 3B, 4A and 4B. and 5A and 58, 

illustrate other non-limitative examples of cleaning methods. Tables 2A and 28 
illustrate a cleaning method wherein a treatment solution is foamed during a 
wash phase. Tables 3A and 38 illustrate a cleaning method wherein atomized 
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treatment solutions and substantially coherent volumes of treatment liquids are 
both used. Tables 4A and 4B illustrates a cleaning method wherein in some 
phases an atomized treatment liquid is pressurized into the processing 
equipment 302, followed by a step wherein a vacuum is provided downstream 
of the atomized pressurized treatment solution. This pressurization followed by 
decompression increases a flow speed of the treatment solution within the 
processing equipment 302, which improves the efficiency of the cleaning 
method for some specific processing equipment 302. Tables 5A and 5B 
illustrate a cleaning method wherein in some phases an atomized treatment 
liquid is introduced into the processing equipment 302 at a pressure below the 
initial internal pressure within the processing equipment 302. Then an increase 
in pressure is provided upstream of the atomized pressurized treatment 
solution while the atomized solution is allowed to flow through the processing 
equipment 302. This depressurization followed by compression increases a 
flow speed of the treatment solution within the processing equipment 302, 
which improves the efficiency of the cleaning method for some specific 
processing equipment 302. 

[0159] Fig. 6A illustrates yet another embodiment of the invention 

wherein the apparatus 300d is connected to processing equipment 302' that 
includes at least one silo 87. In Figure 6A, another silo 187 is shown. However, 
the apparatus 300d is usable to clean any processing equipments 302' 
including any suitable number of silos. 

[0160] Such silos 87 and 187 are well known in the art and typically 

include a spray ball 88, a door 89, and input and output valves 575 and 576 for 
respectively admitting and evacuating fluids into and out of the silo 87. The 
spray ball 88 allows to spray inside the silo 87 any suitable cleaning fluid. 



[0161] In some embodiments of the invention, a transfer plate 503 is 
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provided so that it is possible to clean selectively one of the silos 87 and 1 87» 
or a plurality of silos. However, such a transfer plate is not necessarily present 
in other embodiments of the invention. 

[0162] Briefly, valves such as valve 572, valve 573. valve 576 and 

valve 580 are provided to regulate the flow of cleaning fluid within the silo 87. 
More specifically, the valves 572 and 573 are located to allow directing any 
fluid incoming through the pipe 101, including any gas, atomized solution or 
liquid, to by-pass the silos 87 and 187 and to return dIrecUy towards the pipe 
503. To that effect, ia by-pass pipe 51 0 is provided between the valve 572 and 
the pipe 1 03. This specific path of the treatment liquid through the processing 
equipment 302' is followed when the valve 572 Is opened and the valve 573 is 
closed. 

[0163] Altematively, closing the valve 572 and opening the valve 

573 allows to direct the fluid towards the silo 87 so that the treatment liquid first 
passes through the silo 87 and Uien drains towards the pipe 1 03. A valve 580 
is provided unto the return pipe 103 and allows controlling the application of a 
vacuum upstream of the valve 580. 

[0164] In addition, a pump 574 is provided between the valve 573 

and the spray ball 88. 

[0165] Cleaning of the silo 87 proceeds as follows. First, the valve 

572 is closed and the pump 574 is activated with the valve 673 opened. A 
treatment liquid Is introduced by the apparatus 300d as described hereinabove. 
A pressure drop is caused into the pump 574 within the pipe 101 downstream 
of the treatment liquid while a pressure increase is produced by the apparatus 
300d upstream of the treatment liquid. This allows circulating the treatment 
liquid within the pipe 101 towards the spray ball 88. 
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[0166] When the treatment liquid reaches the silo, the pump 574 

pumps the treatment liquid towards the spray ball 88. Contrarily to prior art 
equipments, the processing equipment 302' shown in Figs. 6A, along with the 
apparatus 300d, allow spraying the predetermined volume of treatment liquid 
into the silo 87 without requiring that the whole pipe 101 leading to the silo 87 
be filled with fluid. 

[0167] OthenA/ise, cleaning of the silo 87 may proceed in a manner 

that is well know in the art, including through spraying liquid from the spray ball 
88, waiting any suitable amount of time further to spraying and draining the 
liquid towards the pipe 103. In embodiments of the invention wherein the 
treatment liquid is atomized the apparatus 300d, the spray ball 88 is used to 
introduce the atomized treatment liquid within the silo 87. 

[0168] When the treatment liquid is drained from the silo 87, the 

valve 573 is dosed and the valve 572 is opened, which allows to create an 
increase in pressure downstream of the treatment liquid within the pipe 103. 
Also, the valve 580 is opened, which allows creating a pressure decrease 
upstream of the treatment liquid within the pipe 103. These pressure increase 
and decrease cause the treatment liquid to circulate within the pipe 103 
towards the apparatus 300d, where the treatment liquid is processed similarly 
in the manner described hereinabove. The reader skilled in the art will 
appreciate that in alternative embodiments of the invention, the treatment liquid 
is circulated within the pipes 101 and 103 in any other suitable manner. 

[0169] The reader skilled in the art will readily appreciate that the 

above-described manner of operating the processing equipment 302' allows to 
circulate fluids within the pipes 101 and 103 without necessarily requiring that 
the silos 87 and 187 be pressurized or depressurized. This allows, among other 
possibilities, to open the silo door 89. However, if the silos 87 and 187 are 
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designed to withstand pressurization and depressurizatibOp the by-pass pipe 
510 may be omitted. In this latter case, the increase in pressure is transmitted 
to the pipe through the silos 87 and 187 through a suitable operation of the 
valve 573. 

[0170] A non-limiting example of a method of operating the 

apparatus and processing equipment illustrated in Figure 6 Is provided in 
Tables 6A and 6B. 

[0171] Fig. 6B illustrates an alternative embodiment of the invention 

wherein a processing equipment 302'* is configured to direct cleaning fluids 
towards set-up that is substantially equivalent to the processing equipment 
302', but that Is realized differently In the processing equipment 302", the 
transfer plate 503 is replaced by two valves 773 and 773' that direct fluids into 
the silo 87 or 187, or both, that is to be cleaned. Othenvlse, the operation of the 
processing equipment 302" is substantially similar to the operation of the 
processing equipment 302'. 

[0172] Fig. 6C illustrates yet another embodiment of the Invention 

wherein a pump 774 is present downstream of the silos 87 and 187 in a 
processing equipment 302'". The pump 774 may be a pump that is used during 
the process for which the processing equipment 302"' is designed. Valves 775 
and 776 are provided to allow to either direct fluids pumped by the pump 774 
towards the silos 87 and 187 or towards the apparatus 300d. 

[0173] If the pump 774 is already present in the processing 

equipment 302"' prior to the connection thereto of the apparatus 300d, this 
embodiment of the invention helps in reducing the costs associated with the 
installation of the apparatus 300d. Indeed, the presence of the pump 774 
allows to omit the pump 574 as fluids directed towards the pump 774 through 
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the by-pass pipe 510 may then be directed towards the silos 87 and 187. 

[0174] Figure 7 illustrates yet another embodiment of the invention 

that is suitable to clean altemative silos 87' and 187' through the use of 
atomized treatment liquids. The silos 87' and 187' are similar to the silos 87 
and 187 except that additional valves 877, 878 and 879 are provided yvith 
suitable interconnecting pipes. 

[0175] The valve 877 is provided between the wash bail 88 and the 

valve 573. The valve 877 either allows or prevents fluid to be directed towards 
the wash ball 88. When the fluids are prevented to reach the wash ball 88, the 
fluids are directed towards the valve 878, which either allows or prevents fluids 
to be directed towards the input valve 75. 

[0176] The valve 879 is provided to prevent the pressure within the 

silo 87 to increase beyond a safe pressure level. When the safe pressure level 
is passed, the valve 879 opens and gases are vented through a vent 880. 

[0177] Therefore, the valves 878, 879 and 880 allow to direct 

atomized treatment liquids directly Into the silos 87' and 187*. 

[0178] In addition, in some embodiments of the invention the valves 

572 and 573, along with the by-pass pipe 510 are omitted and the circulation of 
the treatment solution through the silos 87' and 187' is performed similarly to 
the circulation of the treatment solution through the pipes 101 and 103. 

[0179] Tables 7A and 7B, 8A and 8B, and 9A and 9B illustrate non- 

limiting examples of methods of operating the apparatus and equipment shown 
in Figure 7. 
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[0180] In the embodiments of the invention shovym in the drawings, it 

Is possible to also perfomi other operations similar to cleaning, such as for 
example destaining, passivation and dye checks, for example. 

[0181] Although the present invention has been described 

hereinabove by way of preferred embodiments thereof, it can be modified, 
without departing from the spirit and nature of the subject invention as defined 
in the appended claims. 
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I * 

STPP nPSCRIPTinM 


Step time or volume 


Circulation tl< outlet valve - also open 3 in rinse low level 


CIP supply pump 


Aqueduc water valve 


Block & bleed aqueduc water valve 


Steam modulating valve (set point controlled by RTD) 


Routing valve from CIP to circuit 


Routing valve to circulation tank 1 


Chemical & compressed gas main valve 1 


Atomized chemical valve (caustic or acid or sanitizer) 


Compressed gas valve 


Live steam valve (flow controlled) 


Flow restriction valve (normally open to circuit) 


Routing valves - also activate 35 {reverse flow valves) 


Suction retum pump 


Aspirator/ blower fan 


Routing valve (normally open to 51) 


Routing valve (open path to pipe 49 when on) 


Routing valve to tank 1 (if off. or to pipe 61 If on) 


Vacuum pump (also open valve 53) 


Routing valve (off = to drain, on = to any CIP tank) 






Item number 






(D 


GO 




in 




o 


r> 

CN 




CO 


CM 




CM 


CO 


in 


CO 


■ 


CO 




to 1 

in 


0 




Home 














































u 
a> 
OCT 


Partial rinse to circuit & pull 








X| 


X 




X 
















X 














2 


Push & pufi to recovery silo 


















X 




1 X 








X 














3 


1 Rinse 


Partial rinse to circuit & pull 






X 








X 
















X 














4 


Push & pull to drain 


















X 




X 








X 














5 


Do steps 3-4 (+ reverse flowj 




























X 
















6 


Repeat steps 3-5 x time(s) 












































7 


I Caustic 


Partial caustic sol'n to fine 






X 






X 


X 
















X 












X 


8 


Push & pull to caustic tank 








X 










X 


X 


X 


X 






X 












X 




Push & pull + atom, caust. 


















X 


xl 


X 


X 






X 








X 




X 




Push & pull + atom + rev. flow 
















X 


X 


X 


X 




X 


X 












X 


11 


Circulation of atomized soKn 






X 








X 




X 






X 






X 


X 


X 


X 


X 




X 


12 


Circulation with reverse flow 






X| 








X 




X 






X 




X 


X 


X 


X 


X 


X 




X 


13 


Repeat steps 9-12 x time{s) 












































14 


Rinse 


Partial hnse to circuit & pull 






X 








X 
















X 












X 


15 


Push & pull to caustic tank 


















X 




X 








X 












X 


16 


Repeat steps 14-15 x timefs) 












































1/ 




Partial acid sol'n to line 






X 






X 


X 
















X 












X 


18 




Push & pull to acid tank 






rx| 










X 


X 


X 


X 






X 








X 




X 


19 




Push & pull + atomized acid 
















X 


X 


X 


X 






X 












X 


20 




Push & pull + atom + rev. flow 
















X 


X 


X 


X 




X 


X 












X 


21 




Circulation of atomized sol'n 






X 








X 




X 






X 






X 


X 


X 


X 


X 




X 


22 


1 


Circulation with reverse flow 






X 








X 




X 






X 




X 


X 


X 


X 


X 


X 




X 


23 




Repeat steps 19-22 x timefs) 












































24 


(U 1 


Partial rinse to circuit & pull 






X 








X 
















X 












X 


25 




Push & pull to acid tank 


















X 




X 








X 












X 


26 




Repeat steps 25-26 x tlme(s) 












































2/ 




Atom. sani. push & pull 








X 










X 


X 


X 








X 








X 






28 




Atom, push & pull + rev. flow 


















X 


X 


X 






X 


X 














29 




Circulation atom, sani soPn 






X 








X 










X 






X 


X 


X 


X 


X 






30 




Circulation with reverse flow 






X 








X 










X 




X 


X 


X 


X 


X 


X 






31 




Final drain (all lines) 








X 






X 






















X 


X 






32 
















































33 
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0> 



(D 
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•o 
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> 
OI 

e 

3 

a? 

(D 

•a 



Si 

01 

a. 



01 

(D 
Q. 
CO 



«£2 

I 

O 

JO 



2 0) 

CL 

(O 



•2 



0) 

5d 

CO 



2 

to 

CO 



2 
TO 
CL 

CO. 



(D 
CX 
CO 



0) 

Q. 

CO 



Item number 



CD 00 

in m 



<M CO 
CO CO 



U3 I CO 



CD 
CO 



CO 



CD 



CM 
1^ 



C*> 



I in 



oo 
1^ 



ay 
1^ 



o 

00 



0 



Home 



1 
2 



o 

01 



Partial rinse to circuit & pull 



Push & puil to recovery silo 



Partial rinse to circuit & pull 



X 



4> 

c 



Push & pull to drain 



Do steps 3-4 (+ reverse flow) 



Repeat steps 3-5 x tlme(s; 
Partial caustic soi'n to line 



Push & pull to caustic tank 



X 



o 

01 

O 



Push & pull atom, caust 



Push & pul! -4- atom * rev, flow 



X 



Circulation of atomizecj soi'n 



Circulation with reverse flow 



X 



Repeat steps 9-12 x time(s) 



14 

15 
16 



c 



Partial rinse to circuit & pull 



Push & pull to caustic tank 



Repeat steps 14-15 x time(s) 



Partial acid soi'n to line 



X 



Push & pull to add tank 



X 



■a 

u 
< 



Push & pull atomized acid 



X 



Push & pull atom -t- rev, flow 



Circulation of atomized sorn 



Circulation with reverse flow 



Repeat steps 19-22 x time(s) 



\2A 
\26 



0) 

c 



Partial rinse to circuit & pull 



Push & pull to acid tank 



Repeat steps 25-26 x time(s) 



\2A 



a> 



01 

to 



Atom, sanl. push & pull 



Atom, push & pull rev, flow 



Circulation atom, sanl soi'n 



X. 
X 



X 
X 



Circulation with reverse flow 



Final drain (all lines) 



X 
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STEP DESCRIPTION 


Step time or volume 


Circulation tk outlet valve - also open 3 in rinse low level 


CIP supply pump 


Aqueduc water valve 


Block & bleed aqueduc water valve 


Steam modulating valve (set point controlled by RTD) 


Routing valve from CIP to circuit 


Routing valve to circulation tank 1 


Chemical & compressed gas main valve 


Atomized chemical valve (caustic or acid or sanitizer) 


Compressed gas valve 


Live steam valve (flow controlled) 


Flow restriction valve (normally open to circuit) 


Routing valves - also activate 35 (reverse flow valves) 


Suction return pump 


Aspirator / blower fan 


Routing valve (normally open to 51 ) 


Routing valve (open path to pipe 49 vyhen on) | 


Routing valve to tank 1 (if off, or to pipe 61 if on) 


Vacuum pump (also open valve 53) 


Routing valve (off = to drain, on = to any CIP tank) | 






Itenn number 




CN 


<o 


OO 


CD 


tn 


CO 


o 

CM 


CM 


CM 


CO 
CM 


CM 




CM 
CO 


00 

ro 


in 






OO 




in 


0 




Home 












































1 


u 

o: 


Partial rinse to circuit & pull 








y 

A 


Y 
A 




Y 
A 
















Y 

A 














2 


Push & pull to recovery silo 


















X 




X 








X 














3 


Rinse 


Partial rinse to circuit & pull 






X 








X 
















X 














4 


Push 8i pull to drain 


















X 




X 








X 














5 


Do steps 3-4 (reverse fiovf) 












































6 


Repeat steps 3-5 x tlme(s) 












































/ 


Caustic 


Partial caustic sol'n to circuit 






X 






X 


X 
















X 












X 


8 


Push & pull -f atom, caust 


















X 


X 


X 


X 






X 












X 


9 


Push -1- atom pressurizatlon 


















X 


X 


X 


X 






X 




X 








X 


10 


Depress. + atom + push & pull 
















X 


X 


X 


X 






X 












X 


11 


Repeat steps 9-10 x time(s) 












































12 


Rinse 


Empty circulation tank 




X 


X 








X 
















X 












X 


13 


Push & pull to caustic tank 


















X 




X 








X 












X 


14 


Partial rinse to circuit & pull 




X 


X 








X 
















X 












X 


15 


Push & pull to caustic tank . 


















X 




X 








X 












X 


16 


Repeat steps 14-15 x time(s) 












































17 


Acid 


Partial acid sol'n to circuit 






X 






X 


X 
















X 












X 


18 


Push & pull •1' atom, acid 








X 










X 


X 


X 


X 






X 












X 


19 


Push + atom + pressurizatlon 


















X 


X 


X 


X 






X 




X 








X 


20 


Depress. + atom, push & pull 


















X 


X 


X 


X 






X 












X 


21 


Repeat steps 19-20 x time(s) 












































22 


Rinse 


Empty circulation tank 




X 


X 








X 
















X 












X 




Push & pull to acid tank 


















X 




X 








X 












X 


24 


Partial rinse & pull to acid tk 




X 


X 








X 
















X 












X 


25 


Push & pull to acid tank 


















X 




X 








X 












X 


26 


Repeat steps 24-25 x time(s) 


















X 




X 








X 












X 


27 


Sanitizer 


Push + atom, sani & pressur. 


















X 


X 


X 








X 




X 










28 


Push + atom sani & depress. 


















X 


X 


X 








X 














29 


Repeat steps 27*28 x time(s) 












































30 


Final drain (all lines) 








X 






X 






















X 


X 
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STEP DESCRIPTION 


iStep time or volume 


Routing valve (open path from 51 to 49 when on) 


CIP drain valve (normally open to drain) 


Chemical injection port (add by conductivity or flow) 


Routing valve to recov. silo (also turn on valve 81) 


Fresh water tank outlet valve 


Chemical solution tanks blocking valve 


Causitc tank outlet valve 


Recovered rinse tank outlet valve 


Acid tank outlet valve 


Caustic tank return Vc^lve (swich to 70 at high level) 


Recov. rinse tank return valve (to drain at high level) 


Acid tank return valve (switch to drain if at high level) 


Spare . i ; 


Spare 


Aspirator /blower fan 


c3 

CL 
CO 


Spare 


Spare 


Spare 


Spare 


Spare 






Item number 




to 

1 

Ui 


CO 


o> 


CM 






in 


to 




cn 

"to 


0 

t 


• ^ 




CO 


• 1 


in 


CO 




QO 


o> 


CD 1 


0 




Home 














































1 


0 
or 


Partial rinse to circuit & pull 










X 




































2 


Push & pull to recovery silo 










X 




































3 


Rinse | 


Partial rinse to circuit & pull 






X 








X 




X 




























4 


Push & pull to drain 






X 








X 




X 
















• 












c 
O 


Do steps 3-4 (reverse flow) 
































f ! 


> 












o 


Repeat steps 3-5 x time(s) 














































"7" 

f 


Caustic 


Partial caustic sorn to circuit 




X 


X 








X 


X 
































Push & pull + atom, caust. 




X 










































q 


Push + atom + pressurizatlon 




X 










































1 V 


Depress. ^ atom push & pull 


X 










































11 
1 1 


Repeat steps 9-10 x time(s) 














































19 


Rinse 1 


Empty circulation tank 






















X 
























13 


Push & pull to caustic tank 






















X 
























1 *f 


Partial rinse to circuit & puli 






















X 


























Push & pull to caustic tank 






















X 
























1^ 


Repeat steps 14-15 x time(s) 














































» f 


Acid 


Partial acid sol'n to circuit 




X 


X 








X 






X 


























i A 
1 0 


Push & pull + atom, acid 




X 










X 


































Push atom + pressurization 




X 












































Depress. + atom, push & pull 




X 












































Reoeat steps 19-20x time{s) 
















































Rinse 


Empty circulation tank 


























X 




















23 


Push & pull to acid tank 


























X 




















24 


Partial rinse & pull to acid tk 


























X 




















25 


Push & pull to acid tank 


























X 




















76 


Repeat steps 24-25 x time(s) 


























X 




















27 


Sanitizer 


Push + atom, sani & pressur. 














































28 


Push + atom sani & depress. 














































29 


Repeat steps 27-28 x time(s) 














































30 


Final drain (all lines) 




X 










X 
































31 


















































32 
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STEP DESCRIPTION 


Step time or volume 


Circulation tk outlet valve « also open 3 in rinse low level 


CIP supply pump 


Aqueduc water valve 


Block & bleed aqueduc water valve 


Steam modulating valve (set point controlled by RTD) 


Routing valve from CIP to circuit 


Routing valve to circulation tank 1 


Chemical & compressed gas main valve . 


Atomized chemical valve (caustic or acid or sanitizer) 


Compressed gas valve | 


Live steam valve (flow controlled) 


Flow restriction valve (nomially open to circuit) 


Routing valves - also activate 35 (reverse flow valves) 


Suction return pump 


Aspirator / blower fan 


Routing valve (normally open to 51) | 


Routing valve (open path to pipe 49 when oh) ' 


Routing valve to tank 1 (if offi or to pipe 61 if on) 


Vacuum pump (also open valve 53) 


Routing valve (off = to drain, on = to any CIP tank) 






Item number 






to 


00 




in 


CO 


o 

OJ 




CM 


CN 


CM 




CM 
CO 


€0 

CO 








CO 




lO 


0 




Home 












































1 


Rec 


Partial rinse to circuit & pull 








X 


X 




X 
















X 














2 


Push & pull to recovery silo 


















X 




X 








X 














3 


CO 


Partial rinse to circuit & pull 






X 








X 
















X 














A 


Push & pull to drain 


















X 




X 








X 














5 


c 

b: 


Do steps 3-4 (+ reverse flow) 




























X 
















6 


Repeat steps 3-5 x tlme(s) 












































7 


o 


Caust. atom. + vacuumization 
















X 


X 




X 






X 










X 


X 


8 


(A 


Push & pull + atomization 


















X 


X 


X 


X 






X 










X 


X 


9 


(0 


Pause 












































10 


O 


Repeat steps 7-9 x time(s) 












































11 


<u 


Partial rinse to circuit & pull 






X 








X 
















X 












X 


12 


(/) 
c 


Push & pull to caustic tank 


















X 




X 








X 












X 


13 


q: 


Repeat steps 11-12 x time(s) 












































14 




Acid atom. + vacuunnization 


















X 


X 




X 






X 










X 


X 


15 


Acid 


Push & pull + atomization 


















X 


X 


X 


X 






X 










X 


X 


16 


Pause 












































17 




Repeat steps 14-16 x time(s) 












































18 




Partial rinse to circuit & pull 






X 








X 
















X 












X 


19 


to 

C 

o: 


Push & pull to acid tank . 


















X 




X 








X 












X 


20 


Repeat steps 18-19 x tlnne(s) 












































21 


a 


Sanl. Atom. + vacuumization 


















X 


X 




X 






X 










X 


X 


22 




Push & pull ■*> atomization 


















X 


X 


X 


X 






X 










X 


X 


23 




Repeat steps 21-22 x time(s) 












































24 


(/> 


Final drain (all lines) 








X 






X 






















X 


X 






25 
















































26 
















































27 
















































28 
















































29 
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STEP DESCRIPTION 


Step time or volume 


Routing valve (open path from 51 to 49 v^en on) 


CIP drain valve (normally open.to drain) 


Chemical injection port (add by conductivity or flow) 


Routing valve to recov. silo (also turn on valve 81) | 


Fresh water tank outlet valve 


Chemical solution tanks blocking valve 


Causitc tank outlet valve 


Recovered rinse tank outlet valve 


Acid tank outlet valve 


Caustic tank return valve (swIch to 70 at high level) 


Recov. rinse tank return valve (to drain at high level) 


Acid tank return valve (switch to drain if at high level) 


Spare | 


Spare 


Aspirator / blower fan 


Spare 


Spare 


Spare 


Spare 


Spare 


Spare 






Item number 




to 


oo 
m 


m 




<o 


5 


in 


<o 


CO 




o 






CO 








K 


CO 




o 

CO 


0 




Home 














































1 


o 

q: 


Partial rinse to circuit & pull 










X 




































2 


Push 8i pull to recovery sllo 










X 




































3 


Rinse 


Partial rinse to circuit & pull 






X 








X 




X 




























4 


Push & pull to drain 






X 








X 




X 




























5 


Do steps 3-4 reverse flow) 














































6 


Repeat steps 3-5 x tinne(s) | 












































7 


Caustic 


Caust. atom, -i- vacuumlzation 












































8 


Push & pull ^ atomization 














































9 


Pause 














































10 


Repeat steps 7-9 x tjme{s) 














































11 


Rinse 


Partial rinse to circuit & pull 












X 










X 
























12 


Push & pull to caustic tank 






















X 
























13 


Repeat steps 11-12 x t'rmefs) 














































14 


Acid 


Acid atom. vacuumization 














































15 


Push 8i pull + atomization 
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Pause 
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Repeat steps 14-16 x time(s) 
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Rinse 


Partial rinse to circuit & pull 
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Push & pull to acid tank 
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Repeat steps 18-19 x time(s) 
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Sanitizer 


Sanl. Atom. vacuumlzation 
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Push & pull + atomization 
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Repeat steps 21-22 x time(s) 
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Final drain (all lines) 
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S IPush & pull to recovery s ilo 



X 



o: Push & pull to recovery silo 



i Partiai rinse to circuit & pull 



X 



X 



Push & pull to drain 



g Push & pul> to drain 



X 



X 



flg [Repeat steps 5-7 twice 



Drain silo & lines 



Partial caustic soi'n to silo 



X 



Push & puK to circulation tk 



XXX 



jSame craustic soi'n to silo 



X 



XX 



Push & pull to circulation tk 
I Push & pull to circulation tk 



X 



X 



Push & pull (empty lines) 



X X X X 



XX XX 



XX XX 



Push & pull (empty lines] 
Partial rinse to circuit & pull 
Push & pull to caustic tank 
I Push & pull to caustic tank 



[Push & pull (empty iinesi 
I Repeat steps 22* 25 x times 
Drain silo & lines 



Partial sanitizer soi'n prep. 



[Sorn sent to circuit & pull 

Push & pull to drain 

i Push & pull (pulse silo valve) 



Push & pull to drain 
Final drain (silo & lines! 



X 
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PUSH & PULL METHOD 

STEP DESCRIPTION 


Step time or volume 


Routing valve (open path from 51 to 49 when on) 


CIP drain valve (normally open to drain) 


Chemical injection port (added by conductivity or flow) 


Routing valve to drain or recovery silo (also turn on 81 ) 


Fresh water tank outlet valve 


Chemical solution tanks blocking valve 


Causitc tank outlet valve 


Recovered rinse tank outlet valve 


Acid tank outlet valve 


Caustic tank return valve (swich to 70 at high level) 


Recovered rinse tank return valve (to drain at high level) 


Acid tank return valve (svwtch to drain if at high level) 


Silo by pass valve 


Routing valve to flow panel and to selected silo 


Suction pump prior to silo 


Silo inlet valve 


Silo outlet valve 


Spare 


Spare 


Spare 


|Silo & return line drain valve 
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Push & 


Dull to recovery silo 
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Push& 


pull to drain 
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Partial caustic sol'n to silo 




"x" 


fx 










fx 














\x 


hx" 














Push & 


DUll to circulation tk 




X 


|x 








X 


X 














X 


X 














[Same caustic sol'n to silo 




X 


fx 


fx" 






pr 
















fx* 


rx 




pr 










Push & pull to circulation tk 
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)s 13-16 X times 
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Push & pull to caustic tank 
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Push & pull to caustic tank 
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Repeat steps 22-25 x times 
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Push & pull (pulse silo valve) 
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1 Push & pull to drain 
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iFinal drain 


(silo & lines] 
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Item number 
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tOI I Steps 1-10 same as chart 6 
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12l 

13[ [Push •t' atom, caustic & pull 
141 Push atom, caustic & pull 



Partial caustic sorn to sHo 
I Push + atom, caustic & pull 
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15 



Pause 



16 



[Repeat steps 12-16 x tm(s) 
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Partial rinse to silo & pull 



X 



18 



|Push& pull to caustic tank 



19 



20 
21 
22 



01 
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[Push & pull to caustic tank 



c I Push & pull to caustic tank 



Push & pull to empty lines 



23 



Repeat steps 18»21 x times 



Drain silo & lines 

[Partial sani sorn preparat. 



X 



24 

25 
26 
27 
28 
29 
30 
31 

32 
33 
34 
35 
36 
37 
38 
39 
40 
41 



hi 



Partial sani sol'n to silo 
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£ I Push atom, sanl & pull 
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>-g Push ■» atom, sani & pull 
jPush atom, sani & pull 
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Pause 
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ruK 1 He yVAon & 
SANITIZE STEPS 
(CHEMICAL ATOMIIZATION 
IS FOLLOWED BY AN 
OPTIONAL PAUSE) 

STEP DESCRIPTION 


Step time or volume 


Routing valve (open path from 51 to 49 wtien on) 


OP drain valve (normally open to drain) 


Chemical injection port (adcJ by conductivity or flow) 


Routing valve to recov. silo (also turn on valve 81) 


Fresh water tank outlet valve ( 


Chemical solution tanks blocking valve 


Causitc tank outlet valve 


Recovered rinse tank outlet valve 


Acid tank outlet valve 


Caustic tank return valve (swich to 70 at high level) 


Recov. rinse tank return valve (to drain at high level) I 


Acid tank return valve (switch to drain if at high level) 1 


Siio by pass valve - ; | 


Routing valve to flow pane! and to selected silo 1 


Suction pump prior to sllo 


Silo Inlet valve 


Silo outlet valve 


Routing valve to silo spray ball ,{ 


Routing valve to silo inlet valve & overflow oioe 


Silo vent valve (off = open / opens if vacuum or pressure) 


Silo & return line drain valve 
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Steps 1-10 same as chart 6 
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TUP ATnMi7wr5 MPTwnn 
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SANITIZE STEPS 
(CHEMICAL ATOMIZATION 
IS FOLLOWED BY THE 
CIRCULATION OF THE 
ATOMIZED SOLUTION) 

• 

STEP DESCRIPTION 


Step time or volume | 


Circulation tk outlet valve - also open 3 in rinse low level | 


CIP supply pump | 


Aqueduc water valve | 


Aqueduc block & bleed water valve | 


Steam modulating valve (set point controlled by RTO) | 


Routing valve from CIP to circuit I 


Routing valve to circulation tank 1 1 


Chemical & compressed gas main valve I 


Atomized chemical valve (caustic or acid or sanitizer) | 


Compressed gas valve | 


Uve steam valve (flow controlled) 


Flow restriction valve (normally open to circuit) | 


Routing valves - also activate 35 (reverse flow valves) | 


Suction return pump | 


Aspirator / blower fan 


Routing valve (normally open to 51) I 


Routing valve (open path to pipe 49 when on) ( 


Routing valve to tank 1 (if off. or to pipe 61 if on) 


Vacuum pump (also open valve 53) . 


Routing vaVe (off = to drain / rec tk. on = To CIP tks) | 
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Steps 1-10 same as chart 6 
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Repeat steps 22-25 x tnr\[s) 
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Circulate via silo by pass 
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Final drain (silo & lines) 
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I STEP DESCRIPTION 
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[Steps 1-10 same as chart 6 



I Drain CIP suction & disch. 
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Push & pull to caustic tank 
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c [Push & pull to caustic tank 



[Push & pull to empty lines 
Repeat steps 22-25 x tm(s) 



Drain silo & lines 
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[Drain CIP suction & disch. 
Push -f atom, SanL & pull_ 
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CHART 9 (PAGE 2) 
REFERENCE DRAWING 7 

SILO WASH & SANITIZE 
PROGRAM USING THE 
PUSH & PULL METHOD 
FOR THE RINSE STEPS & 

THE ATOMIZNG METHOD 
FOR THE WASH & 
SANITIZE STEPS 
(CHEMICAL ATOMIZATION 
IS DONE WITH 
PRESSURIIZATION OF THE 
CIRCUIT FOLLOWED BY 
DEPRESSURIZATION) 

STEP DESCRIPTION 


Step time or volume 


Routing valve (open path from 51 to 49 when on) 


CIP drain valve (normally open to drain) 


Chemical Injection port (add by conductivity or flow) 


Routing valve to recov. silo (also turn on valve 81) 


Fresh water tank outlet valve 


Chemical solution tanks blocking valve 


Causitc tank outlet valve 


Recovered rinse tank outlet valve 


Acid tank outlet valve 


Caustic tank return valve (swich to 70 at high level) 


Recov. rinse tank return valve (to drain at high level) 


Acid tank retum valve (svwtch to drain if at high level) 


Silo by pass valve 


Routing valve to flow panel and to selected silo 


Suction pump prior to silo 


Silo inlet valve 


Silo outlet valve 


Routing valve to silo spray ball 


Routing valve to silo Inlet valve & overflow pipe 


Silo vent valve (off = open / opens if vacuum or pressure) 


Silo & return line drain valve 






Item nunnber 






en 

\n 


m 


CO 


\ 9 




CO 






iO 






CM 

in 


CO 

m 


in 




CO 

in 


CO 


GO 
CO 


oo 


o 

CO 

in 


0 




Home 














































10 


Caustic 


Steps 1-10 same as chart 6 
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Push atom, caustic & press. 
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Push atom, caustic & pull 
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Push atom, caustic & press. 
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Push atom, caustic & pull 
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Push atom, caustic & pull 
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Repeat steps 1 1-1 5 x tm(s) 
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Rinse 


Partial rinse to silo & pull 
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Push & pull to caustic tank 
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Push & put) to caustic tank 
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Push & pull to caustic tank 
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Push & pull to empty lines 
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Repeat steps 17-21 x tm(s) 
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Drain silo & lines 
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Sanitizing 


Partial sani sorn preparat. 
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Partial sani sorn to silo 
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Push + atom, sani & press. 
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Push + atom, sani & pull 
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Push + atom, sani & press. 
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Push + atom, sani & pull 
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Push + atom, sani & pult 
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Push -t- atom, sani & pull 
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Final drain (silo & lines) 
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WHAT 18 CLAIMED IS: 

1 . A method for cleaning an Interior surface of a processing equipment 
using a treatment liquid, the processing equipment Including a pipe 
sedion defining pipe section first and second ends, the pipe section 

5 defining a pipe section volume delimited by the pipe section first and 

second ends, the pipe section being initially at an Initial internal 
pressure, said method oomprising: 

- introducing a predetermined volume of the treatment liquid into 
the pipe section at a location substantially adjacent the pipe 

10 section first end, the predetemiined volume being substantially 

smaller than the pipe section volume; and 

- circulating the predetermined volume of the treatment liquid 
through the pipe section by simultaneously 

- reducing an internal pressure within the pipe section at a 
1 5 location substantially adjacent the pipe section second end 

to a level substantially below ttie initial internal pressure; 
and 

- increasing an internal pressure within the pipe section at 
a location substantially adjacent the pipe section first end 

20 to a level substantially atK>ve the initial interruil pressure. 

m w m 

2. A method as defined in claim 1 , wherein the treatinent liquid is atomized 
into tiie first pipe. 

3. A method as defined in claim 1, wherein the treatment liquid is 
introduced into the first pipe as a substantially coherent volume of liquid. 

25 4. A method as defined in daim 3, further comprising recovering tiie 

predetermined volume of the treatment liquid after having circulated the 
predetermined volume of the treatment liquid through the pipe section. 
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A method as defined in daim 4, further ooniprising» after having 
recovered the predetermined volume of the treatment liquid: 

- reintroducing the predetermined volume of the treatment liquid 
Into the pipe section at a location substantially adjacent the pipe 
section first end; and 

- recirculating the predetermined volume of the treatment liquid 
through the pipe section by simultaneously 

- reducing an internal pressure within the pipe section at a 
location substantiaily adjacent the pipe section second end 
to a level substantially below the initial internal pressure; 
and 

- increasing an intema! pressure within the pipe section at 
a location substantially adjacent the pipe section first end 
to a level substantially above the initial Internal pressure. 

A method as defined In claim 1, wherein increasing an internal pressure 
within the pipe section at a location substantiaily adjacent the pipe 
section first end to a level substantially above tiie Initial internal pressure 
includes introducing a gas Into ttie pipe section. 

A method as defined In claim 6, further comprising performing a 
substantial separation between a gaseous phase and a liquid phase 
from the recovered predetermined volume of the treatinent liquid. 

A method as defined in daim 1 . further comprising adjusting a property 
of the treatment liquid prior to introducing the predetermined volume of 
the treatment liquid into the pipe section. 

A method as defined in daim 7, wherein adjusting the property of the of 
the recovered predetermined volume of the treatment liquid indudes 
adjusting a property selected from the set consisting of a pH, a 
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temperature and a solute concentration. 

A method as defined in claim 4, further comprising, further to recovering 
the predetermined volume: 

- reintroducing the predetermined volume of the treatment ilquld 
into the pipe section at a location substantially adjacent the pipe 
section second end; and 

* recirculating the predetermined volume of the treatment liquid 
through the pipe section by simultaneously 

- reducing an internal pressure within the pipe section at a 
location substantially adjacent the pipe section first end to 
a level substantially below the initial internal pressure; arui 

- increasing an internal pressure within the pipe section at 
a location suk>stantiaily adjacent the pipe section second 
end to a level substantially above the initial internal 
pressure. 

A method as defined In claim 3» wherein cleaning the interior surface of 
the processing equipment is performed further using an other treatment 
liquid, said method further comprising: 

- introducing an other predetermined volume of the other treatment 
liquid into the pipe section at a location substantially adjacent the 
pipe section first end, the other predetermined volume being 
substantially smaller than the pipe section volume; and 

- circulating the other predetermined volume of the other treatment 
liquid through the pipe section by simultaneously 

- reducing an internal pressure within the pipe section at a 
location substantially adjacent the pipe section second end 
to a level substantially below the initial Internal pressure; 
and 
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- increasing an internal pressure within the pipe section at 
a location substantially adjacent the pipe section first end 
to a level substantially at>ove the Initial Internal pressure. 

12. A method as defined in daim 11, wherein the treatment liquid and the 
5 other treatment liquid are of substantially similar compositions. 

13. A method as defined in daim 11. wherein the treatment liquid and the 
other treatment liquid are of substantially different compositions. 

14. A method as defined in daim 4. wherein the recovered predetennlned 
volume of the treatment liquid is discarded further to its recovery. 

10 15. A method as defined in daim I/wherein the pipe section contains a 

process sut>stance prior to Introducing the predetermined volume of the 
treatment liquid, said method further comprising recovering at least in 
part the process sut>stanoe. 

16. A method as defined in daim 15, wherein recovering the process 
1 5 substance indudes using water as the treatment liquid. 

17. A method as defined in claim 16, wherein recovering the process 
substance Indudes recovering a water and process substance 
combination further to drcuiating the predetermined volume of the 
treatment liquid through the pipe section. 

20 18. A method as defined in daim 1, wherein the treatment liquid includes a 

liquid selected from the set consisting of : water, an add solution, a 
caustic solution, a germiddal solution, an allcaline solution, a buffer 
solution, a water-based solution containing an organic solvent, an 
enzyme-containing solution, and a biologically active mixture. 
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19, A method as defined in daim 3. wherein increasing a pressure at Ihe 
location substantially adjacent the pipe section first end Includes 
introducing a gas under pressure at the location substantially adjacent 
the pipe section first end. 

5 20. A method as defined In daim 19, wherein the gas is selected from the 
. set consisting of air, steam, Nitrogen and Cart>on Dlo)dde. 

21 . A method as defined In claim 1 , further comprising: 

- introdudng steam into the pipe section; and 

- drcuiatlng the steam within the pipe section. 

10 22. A method as defined In daim 21 , wherein steam is drculated within the 
pipe section to heat the pipe section until the pipe section reaches a 
predetermined operating temperature. 

23. A method as defined In claim 1, wherein increasing a pressure at the 
location substantially adjacent the pipe section first end includes 

1 5 introdudng a pressurized atomized flow of the treatment liquid at the 

location substantially adjacent the pipe section first end. 

24. A method as defined in daim 1, wherein the treatment liquid Is foamed 
prior to Introdudng the predetermined volume of the treatment liquid Into 
the pipe section. 



20 25. A method as defined in daim 1 . further comprising adjusting a property 

of the first volume of the treatment liquid by drculating the first volume of 
the treatment liquid in a drcuit exduding the pipe section prior to 
Introducing the first volume of the treatment liquid into the pipe section. 



26. A method as in 25. wherein adjusting a property of the first volume of the 
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treatment liquid includes adjusting a property selected from the set 
consisting of: a pH, a temperature and a solute concentration . 

27. A method as defined In claim 2, comprising: 

- electrically isolating the pipe section; 

5 " charging with electrical charges of a first sign the atomized 

treatment liquid; and 

- charging with electrical charges of a second sign the pipe section, 
the second sign being opposite the first sign* 

28. A method as defined in dafm 2. wherein the prooessing equipment 
10 Includes a vessel, said method comprising: 

- electrically isolating the vessel; 

- charging with electrical charges of a first sign the first treatment 
atomized liquid; 

- charging with electrical charges of a seoorKl sign the vessel, the 
1 5 second sign being opposite the first sign; and 

- Introducing the charged atomized treatment liquid into the vessel. 

29. A method as defined in daim 1, further comprising monitoring a flow of 
fluids upstream and downstream of the pipe section. 

30. A method as defined in claim 29, further comprising issuing an alert 
20 upon a difference between a flow speed upstream of the pipe section 

and a flow speed downstream of the pipe section reaching a 
predetermined flow speed diffierence. 

31 . A method as defined in daim 1 , wherein the reduction of the internal 
pressure within the pipe section at a location substantially adjacent the 

25 pipe section second end to a level substantially below the initial internal 

pressure is performed further to the introduction of the predetermined 
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volume of the treatment liquid into the pipe section. 

32. A method as defined in claim 31 , wherein the reduction of the internal 
pressure within the pipe section at a location substantially adjacent the 
pipe section second end to a level substantialiy belQW the initial internal 

5 pressure is also performed during at least part of the introdudipn of tlie 

predetermined volume of the treatment liquid into the pipe section. 

33. A method as defined in daim 31, wherein the reduction of the intemal 
pressure within the pipe section at a location sut>stantially adjacent the 
pipe section second end to a level substantially below the initlai Intemal 

10 pressure is performed only further to the introduction of the 

predetermined volume of the treatment liquid into the pipe section. 

34. A method as defined In daim 31. wherein the reduction of an intemal 
pressure within the pipe section at a location substantially adjacent the 
pipe section second end to a level sut>stantially below the Initial Intemal 

15 pressure is also performed at least in part prior to the introduction of the 

predetermined volume of the treatment liquid into the pipe section. 

35. A method as defined in daim 2, further comprising drculating at least 
twice the atomized predetermined volume of the treatment liquid through 
the pipe section. 

20 36. A method as defined In daim 35, further comprising monitoring a 

property of the atomized predetermined volume of the ^eatment liquid. 

37. A method as defined in claim 36, further comprising processing the 
atomized predetermined volume of the treatment liquid to maintain the 
monitored property of the atomized predetermined volume of the 
25 treatment liquid at about a predetermined monitored property value. 
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38. A method as defined in claim 1. wherein the processing equipment 
includes a first pipe defining a first pipe first end and a first pipe second 
end, a vessel in fluid communication with the first pipe, and a second 
pipe in fluid communication with the vessel, the second pipe defining a 
5 second pipe first end and a second pipe second end, said method 

comprising: 

- Introducing the predetermined volume of the treatment liquid Into 
the first pipe at a location subslantially adjacent the first pif>e first 
end, the predetermined volume being substantially smaller than 
10 the first pipe volume; 

circulating the predetermined volume of the treatment liquid 
through the first pipe from the first pipe first end to the second 
pipe second end by simultaneously 

- reducing the internal pressure within the first pipe at a 
1 S location substantially adjacent the first pipe second end to 

a level substantially tielow the initial internal pressure; arxl 

- increasing the internal pressure within the first pipe at a 
location substantially adjacent the first pipe first end to a 
level substantially over the initial internal pressure; and 

20 - circulating the predetermined volume of the treatment liquid 

through the second pipe from the second pipe first end to the 
second pipe second end by simultaneously 

- reducing the Internal pressure within the second pipe at a 
location substantially adjacent the second pipe second end 

25 to a level substantially below the initial internal pressure; 

and 

- increasing the internal pressure within the second pipe at 
a location substantially adjacent the secorni pipe first end 
to a level substantially over the initial internal pressure; 
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39. A method as defined In claim 35, further comprising introdudng the 
predetermined volume of the treatment liquid into the vessel further Id 
circulating the predetermined volume of the treatment liquid through the 
first pipe and prior to circulating the predetermined volume of the 

5 . treatment liquid through the second pipe. 

40. A method as defined in claim 1 , wherein: 

- a difference in pressure k>etween the initial internal pressure and 
the reduced internal pressure within the pipe section at the 
location substantially adjacent the pipe section second end 

10 defines a first pressure differential; 

- a difference In pressure between the initial internal pressure and 
the Increased internal pressure within the pipe section at the 
location substantially adjacent the pipe section first end defines a 
second pressure differential; and 

15 - the second pressure dlfferentiai talces a value included within an 

interval of between about 0.9 times the first pressure differential 
and about 1.1 times the first pressure dHferential. 

41. A method as defined in claim 40. wherein the second pressure 
differential is substantially equal to the first pressure differential. 

20 42. An apparatus for cleaning an interior surface of a processing equipment 

using a treatment liquid, the processing equipment including a pipe 
section defining pipe , section first and second ends, the pipe section 
defining a pipe section volume delimited by the pipe section first and 
second ends, the pipe section being initially at an initial internal 

25 pressure, said apparatus comprising: 

- a controller: 

- a treatment liquid source; 



SUBSTITUTE SHEET (RULE 26) 



- a treatment liquid feeder in fluid corhmunlcalion with said 
treatment liquid source and with the pipe secHon first end, said 
treatment liquid feeder t)eing connected to said controller, said 
treatment liquid feeder being controllable by said cbhtrbller to 
allow an introduction of a predetermined volume of the treatment 
liquid into the pipe section at a location substantially adjacent the 
pipe section first end. the predetermined volume being 
substantially smaller than the pipe section volume; 

- a low . pressure source In fluid communication with the pipe 
section, said low pressure source being selectively operatable to 
produce a reduction in an internal pressure within the pipe section 
at a location substantially adjacent the pipe section second end to 
a level substantially below ttie initial Internal pressure; and 

- a high pressure source in fluid communication with the pipe 
section, said high pressure source being selectively operatable to 
produce an increase in an internal pressure within the pipe 
section at a location substantially adjacent the pipe section first 
end to a level substantially above the Initial internal pressure; 

- wherein the increase in the internal pressure within the pipe 
section at a location substantially adjacent the pipe section first 
end ar>d the reduction in the internal pressure within the pipe 
section at a location substantially adjacent the pipe section 
second end are produced simultaneously to drculate the 
predetermined volume of the treatment liquid through the pipe 
section. 

43. An apparatus as defined in claim 42, wherein the treatment liquid source 
includes a treatment liquid tank for storing the treatment liquid source. 

44. An apparatus as defined In claim 43, wherein the treatment liquid feeder 
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includes a pump for. pumping the treatment liquid towards ttie pipe 
section. 

45. An apparatus as defined in daim 42, wherein the treatment ijquid feeder 
includes a nozzle for atomizing the treatment liquid* said nozzle being 

5 connected to a pressurized treatment solution source. 

46. An apparatus as defined in claim 42, wherein said high pressure 
generator Includes a high pressure gas source. 

47. An apparatus as defined in claim 42, wherein said high pressure 
generator includes a high pressure steam source. 

10 48. An apparatus as defined in claim 42, wherein said high pressure 

generator includes a nozzle for atomizing the treatment liquid and 
injecting under pressure the treatment liquid in atomized form. 

49. An apparatus as defined In daim 42, further comprising a heat 
exchanger for regulating a temperature of the predetermined volume of 

15 the treatment liquid prior to the introduction of the predetermined volume 

of the treatment liquid into the pipe section, said heat exchanger being 
provided downstream of said treatment liquid source and upstream of 
said pipe section. 

50. An apparatus as defined in daim 49, wherein said apparatus indudes a 
20 temperature sensor for sensing a temperature of the predetermined 

volume of the treatment liquid, said heat exchanger and said 
temperature sensor k>eing connected to said controller to a|low said 
controller to regulate a temperature of the predetermined volume of the 
treatment liquid. 
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51. An apparatus as defined in claim 50, further comprisir)g a preparation 
circuit excluding the pipe section, the preparation circuit allowing to 
adjust a property of the first volume of the treatment liquid prior to the 
Introduction of the predetermined volume of the treatment liquid Into the 

S pipe section. 

52. Ah apparatus as defined In claim 51, wherein the property of the first 
volume of the treatment liquid is salected from the set consisting of : a 
pH, a temperature and a solute concentration* 

53. An apparatus as defined In claim 51, wherein the preparation circuit 
includes a circulation loop wherein the first volume of the treatment liquid 
circulates to allow an adjustment of the property of the first volume of the 
treatment liquid prior to the introduction of the predetermined volume of 
the treatment liquid into the pipe section. 

• 

54. An apparatus as defined In claim 42, further comprising a foam 
generator provided downstream of the pipe section, said foam generator 
being selectively activatable to foam the treatment liquid. 

55. An apparatus as defined In daim 42 further comprising a flow meter for 
measuring a flow of said treatment liquid, said flow meter being 
connected to said controller. 

20 56. An apparatus as defined in daim 42. further comprising a first 

anemometer provided upstream of the first pipe section and a secorKi 
anemometer provided downstream of the first pipe section, said first and 
second anemometers allowing to monitor the flow of fluids within the 
pipe section. 



10 



15 



25 57.An apparatus as defined in claim 42, further comprising a routing valve 
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assembly, said routing valve assembly being In fluid connection with 
said treatment liquid source and with said low and high pressure 
sources, said routing valve assembly further being In fluid 
communication with the pipe section flrst and second ends, said routing 
valve assembly being selectively switchable between a direct 
configuration and an inverted configuration, wherein 

- in said direct configuration said low and high pressure sources 
are selectively operatable to respectively produce a reduction In 
an internal pressure within tiie pipe section at a location 
substantially adjacent the pipe section second end to a level 
substantially t)elow the initial Internal pressure and an Increase In 
an Internal pressure within the pipe section at a location 
substantially adjacent the pipe section flret end to a level 
substantially above the initial internal pressure; and 

- In said inverted configuration said low and high pressure sources 
are selectively operatable to respectively produce a reduction in 
an internal pressure within the pipe section at a location 
substantially adjacent the pipe section first end to a level 
substantially below the Initial Internal pressure and an increase In 
an internal pressure within the pipe section at a location 
substantially adjacent the pipe section second end to a level 
substantially above the initial internal pressure. 

58. An apparatus as defined in claim 57, furtiier comprising a gas/Hquld 
separetor downstream of the pipe section for recovering the treatinent 
liquid. 

59. An apparatus as defined in claim 58, wherein said gas/liquld separator 
Includes a separator tank for storing the recovered treatment liquid prior 
to a reinjection of the treatment liquid Into the pipe section. 
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60. An apparatus as defined in claim 42, wherein said low pressure source 
includes an eductor. 

61. An apparatus as defined in claim 42, wherein an aspirator/blower 
provides said low and high pressure sources. 

5 62. An apparatus for cleaning an interior surface of a processing equipment 
using a treatment liquid, the processing equipment including a pipe 
section defining pipe section first and second ends, the pipe section 
defining a pipe section volume delimited by the pipe section first and 
second ends, the pipe section t>eing initially at an Initial internal 
10 pressure, said apparatus comprising: 

- controlling means for controlling at least in part said apparatus; 

- a treatment liquid source; 

- treatment liquid feeding means for introducing a predetermined 
volume of the treatment liquid into the pipe section at a location 

15 substantially adjacent the pipe section first end, the 

predetermined volume being sut>stantially smaller than the pipe 
section volume; 

" low pressure production means for producing a reduction In an 
internal pressure within the pipe section at a location suk>stantially 
20 adjacent the pipe section second end to a level substantially 

below the initial Internal pressure; and 

- high pressure production means for producing an increase In an 
Internal pressure within the pipe section at a location substantially 
adjacent the pipe section first end to a level substantially at>ove 

25 the initial internal pressure; 

- wherein the increase in the internal pressure within the pipe 
section at a location substantially adjacent the pipe section first 
end and the reduction in the internal pressure within the pipe 
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section at a location 8ut)Stantiaily adjacent the pipe section 
second end are produced simultaneously to circulate the 
predetermined volume of the treatment liquid through the pipe 
section. 

S 63. A method as defined in daim 1 , further comprising: 

- introducing another predetemiined volume of the treatment liquid 
into the pipe section at a location suk>stantlally adjacent the pipe 
section second end; and 

- drcuiating the other predetermined volume of the treatment liquid 
10 through the pipe section by simultaneously 

- reducing an internal pressure within the pipe section at a 
location substantially adjacent the pipe section first end to 
a level substantially below the initial internal pressure; and 

- Increasing an internal pressure within the pipe section at 
15 a location sut>stantially adjacent the pipe section second 

end to a level substantially above the initial internal 
pressure. 
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